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• ^>y7r(c«^$it*. ^ • /<v 
7r • aybo-W, ^-^VT-yv^- l<— h • n 

ffi*. 2 3 8^<>f hcoT-9 ■ 'y ^ • -»M Xrfc-> 
T l^M h?)«9»>\W ^i: 1 6^<^ bWtVf-* • ^ 
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/PYt^vr/Mi;. 32kHz % 44. lkHzS.tX48 

r • nyhP-^fcco^JRSg$nT*5 0T^P^^ 
Whilt, 44. UHztM, 

[0038] Wb&^r v 9 >vvc*r yyjvw 4 y?~-v — 
t$l>^ ht. mcni%7£%tit:?is?!i^yy m ji'<o 
it^^9ft^y^<om^comT&^ bb. mx. 

b. #2<0=r*yK -^4 hi:. ^2^^^0f]lE 
^^Uir^ • bb. Sr*tr. 

[ o o 3 9 3 y rmm*. m&y 

*y h^2jifil(C«->T. y i H»olBk:* 

yrfi^><^tffiajfe^-r&ii:teJ:*^ 
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rrom: euo4yt5oo/o 



10: uuzio t izmojuu 



rage: jz/uo 



uate: zuuo/0/zcJ r *f- ud:4^:cjd 



[0040] ^v?Mc*rv?Mt. #Hf DS»7 

K* WfttfiMW"* * 
[0042] 

3 1 53Kf 3 2 0A^)A*"eft*. rtn^/fy 
ay;W3 1 5&tf3 2 0*i, SEE£*i*:io 

[0043] f^/l^fS3 1 0(1, r^O^«*A 

y >r • Mi, ^^e^E^stott'-^ 
^■ictt, ty/»; y/ • i^— mi, -j-ctofi^fc x 3 

44. 1kHz, 48kHzjfttK32kHzr^) 

h. 

[0 044 3 T^Oi/iM^cOT^/Wt^V^Hi. 
S«3 9 5 CGB&h*. 2HI®3 9 5 ti. S2:£^> 

[0 045] ^^WfcirvTVMi, ^y^iHfc^vr 
A*-f v*-y-:/**J:5C1S^$*U *iticJ:^ 



) )01*177507 (P2001 -17750 7A) 

h&T-? ■ irvr/^fewjasii*, s/pd i fco 

a")<0>W b (8fc'«yh)ii, l£^3*X&. 2 3 8^ 

h<rMin?fl<-7a 1 0*1, ^^^Stt^>r;w 

*f-^*;^R <B***/W ^STifcA-f hfc*»fe«BS 
Sfl*. 2 38^M bcO®2^yU— 7*8 1 5*1, 0BK 

hfc:&***;l'R*0ft±ffi'W bb#»£>l8Jft$ix&. 2 

3 h<om3<?>i?}l'<~782 0*1. 

*;URO&TflyU bfc*>fe««*n&. 2 3 %>M h 

^, i^f^;Wktv//W^ Mi„ fsj^ofS, 

2 38A4 h*3MH*3*l*. Mt-> iatl.2C^f 
i^WW-VTVUti, 4*Sr< £ i> 2 3 8^4 Mi#8£2 
tt^. ^cofi|®il^^(«tcWLTa^$>^^. - 

[0047 J m3£M&t. S®tS395*i, Wttfefc 

^fitz^ryyjvs o 5 oi£Jt&^ h 8 1 o 0>?A>-y 

l£fr% (ECC) 8 2 5Xt^84 5tc$k&?&. ECC 
«^8 3 5ai^84 5li. KOITjEa-H-lkfcBW-*y 
— F • Va^yjSSr«v^t^J«*rtl (forward) 
"JfnEflrf-C*** *»WfcJ:*ECClWS3 5Rtf 
8 4 5*1, 8t'7 h-#-«:*>%lA-f b<7)^>-^ ■ W 
X^WL, ^nrft (Galois field) GF ( 2-) X<1 
GF ( 2 8 ) €r*^^» ^a^OECC»#8 3 5cor 
D7«(n)li 2 5 5>^h <2*)T&&* ITiE 
^^9^*i8i:*^l:d*wS^§n, p< 

^yr;P8 0 0^*±fif^ h 8 1 5St^8 2 5^2 3 
8£, 1AM h^vyHat^K^W h8 3 0SlX8 

4 0TS>&. 

[0048] iSFaiete^'C*!, Ti??Mt*r>7>W>& 

%&tf\3TifcGF (2-) ^«»?-r^<ni:^flgT'$> 

[00493 H8«3iJnSflfcE C C»#t 9 4 V * 
— A*i. ffl^y7V-A6 1 0&t^^5®^^7U-A 
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10: uuziorizfjoauu 



rage: &s/i6D 



water t -r~ uo:4a:30 



<&4) J01-1 77507 (P2001-177507A) 



LT»*S*U Mt/7V-A6 1 514. 08^16® 

5\*. m^^ti^^^ib^yrMzm^ttx 

t/7WA61 0£53£3i*\ ECC^845{« 
WKSftfcf^^HW>^8 0 5 te5iail3ii& . 
[0 0 50] ;M S^-r»ry?*6 2 0at*6 3 

St/63014. **l«hj6*s #^71^-^6 1 oav 

3lV6 3q<o**9->i*. aTxvmr t>ms^v^x 

&M$zMz&K-r t>3-~—9***9—yX$>h. 94 5 
• 7*073/^6 2 0&t*6 3 OO-X^.— 9***9 

-M4, SJf&#*"f 5 • rurv»u6 2 oatf 
6 3 0i&gK9L^co^-f s^-r«jr^6 2oa 

6 3 0<o±fco '/^"T^c: £ SrgTBSfci'r&cofcr+^Wr 
BttRt*. ^7^^ff#6 2 5»tX6 3 5tt. 

y<7)2*U hTt&J&ZHX^&. 
[0051) T+v9SttT&9M&*rrA*>?* 

B7te«*ftTv^6^trt/^<MBBB (PPM) 
ro-/h725*i. T&9Mttf>y*t\'<r>£& 

T bM 70 0. 7 0 5. 7 10ai^7 15tt. ArXFtiL 

«*1. £2. *3. *4£4r8i3ii** rovh72 
Old:. *«W(Ci SlS^^^/l/^{Stl3BP^Sr^t 
TV^4. tVbl*IB700(cHWSftTV>*NRZt» 
( 0 0 ) 14. IMIP'OI/ 1 Sr&ffi^n yh^l teffiBft- 
t* yh«Na7 0 5tc®KS*tt:v^NRZflr^ (0 

1) (4. »</H*ffl8Xa *y h^2{cEaW^, 
tf»/hBSRS7 1 0K®ft?$ixT^£NRZfl^ (10) 
*4. IfcSl^H £fflBAWh<f>3tZ§t&t%+ tf>/ 
h^07 1 5fcHJ»S*lXl**NRZ## ( 1 1 ) 14. 
ML'ft' 1 *fifcffl*a y h 4> 4 teffiH^S . 

[0052] <wc, SHi8ft.fc#^yr«#tt. Mfi£S 

^iffifrC{4^^^i^5n^5tX«4v^ 
M^dK (RF) £ LTfi5M£*tt* Xli, ttflBMTCIi 



[0053] Ti?9M&r>7)V<0 1 7 l— A 
$4 7 6^)-rS/^/Hfc^>*^VH4. J^l^WSSTV-tf 
>f-y3^119«W>»t»Xtt, 2. 47 9 

&^sn^^^yrfi#^3SSJHKi4. 2. omh 
?9W%. Eccn^^-Kat^n^vKatfftimu^ 

M2tt£-$*Ufc4 7 6»?^/Wt1f ^TVP^OfiK ( 4 
9 M *4. ^TT&tf>£. 1. 9 72SU»*1! 
i**. 5S<ISH4. 2 0. 5»0»IBB42ifi*ff*>^K 

[0054] mmmk3 4 s±t eas*i*s»is*irt: 

3fcx«4 r f m ^ £ ^m&\z%mt tztizx-? 
t. sBBsiifc^^yrfi-^srstt-r*. ^mztttt 

[0 0 55] *5HBteJ:«*<i»4. 3&&tlt:*ArV 

r«#*»is> jaasnfc tx&m& 300 

014. 5^«8<7)^n-/^hl4®ir^^D-y^^^rr^o 

^ffii^co^c MWo^snft^yrfi^ 

[0056] aO«:«'Jvftr^fc^C. Sft^4. XPI 

Sjifc^p- ^ y r«# t *-^-tyr y y^r* 
j:ot, scss^tufe^ryrd^iaau. r^a^fi 

-A-^ryv^tfi. =5r-vyTft#ossaa:^ifc«i 
tffct * ^iST'fc & v - h Ti^a p <<jvzmsrrh z t 

n-txi4. ^ • ry r^r/i^sESsn^sM 
sftfc*^ yr«*&»feEi«ts<i«*'Cs:asii** 
[ 0 0 5 7 ] 94 $ . rurv//^*^- i t 



PAGE 33/135 * RCVD AT 8/23/2005 5:49:10 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:8064086673 " DURATION (mm-ss):96-46 



pl urn : ouu^ijouuio 



1U: VV6LO t LL I ooouu 



&Sr>fr £ ft £ fcL %<oy u-A>\$m%r? 

h&t&MZii, (null) <r>w<jV\z%tih . Htt 

7 ^^^^m^ix^^^^^^ y rm^a^® 

[00581 «fe. B11*«HUC. S?fIS*x«£P 
Sflfc** U TB#7 5 0 *fl1lvt»S«3 0 0<O*-f 

14. *^yr«#7 6 0<0JB*»*06«<07r^^T» 

$y/^D7^755it 3»§*ifc**yTB^7 

SO^VT-y^flrBBSrlUef^. ®«*#ufcr-* 
7 6 514. ^-f ^o-/^7 5 50ifyry^ 

B*isrc<?«BBSnft:*^ yr«*7 5 o^amu^T 

ma 750 £*s&-r & t&><n% *&v zmtb* ■& & . 
a»t&»WBj«tt. *^yra*76o^-b. fft 

ZCOi&StZl^ ? + $yy- ?o-/?755<06 

a<. 94 ?uv?i ^yr 

fg^<9Ji^tf>&&« (multiple factor) fcfKE"^* 

[0060] aas<ifcfiga^wA«. 3£fi*s 

3 0 0£#Vvca33£*U &&y\ — &0»V\sXfflS3£. 

[0061] £i£7 A^t^ttBHBSiifcff* 

it. &myu-jutf®G&tih. 
[0062] r^n^m#o< v*-y — rsfifc^ 

[0063] EC CB^tf rOETl4. iOfe^fft 

fcSvvanETOtr**. ECC«aK2fct^fTjESrS«^ 
&#a<4. UbtifH h 8 1 2 O0>?)\^-yr\Z 



(?l 5) )01-177507 (P2001-17750 7A) 

2 OMfS 2 0<?>?)U— rtCWLT«, rt—)Vij>70) 
KfRT/l^UXA (Ber Ideal's iterative algorith 
n) K 9 ABBESS (error locator polyoom 

iat) *fl.O*tS. (Chien) <W— f-SKft 

ey) r;prryxAtwv^»Oo**S*fH»:U, IEL 

tvp-^frjiimtt. y-H • wzyQAVtrjEmz 

14. 8^M KOjBBBSISWCB. *Lh«K>f N8 1 OS. 

tX8 2ocoinE^«r#g^:^i— y^m^tt. zti&co 

[ 0 0 6 4 ] «ic, tIJE?Fsr9B&1RD £1fT& IRB9S 

& ie u ^^9)\^r>y r )v t tm^h $ *u 

[00653 r^o^d^-r 
i'h^kHZit. Xl±. 3EWS*lfc*^yr«-»at««S 
14. V7 V ■ ^ TO? (soft muting. Zkhttfi: 

[0 0 6 63 ^z^ ^^-^jy?^ W&^T^xj^ 

;wft if^^W^fe^fiaWftT** 0»r * a« 
4M4iy%*-h - avhor ;W4. 0. 2ft^L 

[0067] r^o^<i^f f ^^;Nt^>'7"/u^7 

atfft^ft^. awca^fci d >ry y? 

Stfflv**&t*orfc, Sm«l3 9 5i:SM«S3 0 
^/Wfclf^VKD r *-^-^j (17l/-A^t: 

A 0 ^ < ^T'i^Wtt y 7";^S^^ rit v ^ «® ) 



• 
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from: BUD4yB0t>f3 



10: 



rage: jo/ud 



Daze: zuuo/o/za r ua:43:3f 



(&6))01-177507 (P2001-177507A) 



[00683 T+P^a^f'^Wk+XTVl^^^ 
-Ate. SE4*a«^fc^te*l«BI»fe:^i3 9 0S*t 

.T^o^- 3 yA-* 3 7 0X^3 7 5£&5&2iX 

£fY^L07tn^(|f3 7 0<^fi^/Wt:^ 
y7*/M*> 8 0 £ 

<T^O^- 3yA-*3 7 5i£«S$it&. 
[00 6 9] S4^#^LTs ##y9W;:<J:&2yi 
«i^xA3 9 5£^vti&t&. Tto^I#S3 0 

>v<-?3 1 5&tf3 2 0te. ^fl-f^U ^v^/PL 
^U?m^C0Ti?9)VfaVy7)\s*ft3E.'f&. 55^^ St 

[0070] ?zS?>vm*}M3 1 0*W7tD/lt» 

^y*rt/»8*4 0 0U:, ^y^/WtfryTVW 
fiTv^^yT-yy^- v-b (tztjui. cd&vm 

P3^i44, 1kHz, DATa^DVDrli4 8k 
Hz. D S RTIi 3 2kHz) XW$Ff& * T^n^fg 

(VSR) n>v*-*4 0 5*dK&Sfta. vsRr?y 

/W4 0 5ii > T+a7m^coT £ ¥?Mkvyy*)\sZ 
a?m^<?>?i?2)V{tyy?>v*tt } o&*t+ le^^ifew 

T'te. 44. 1 kHz^ED^— b&fflwo**. 

[0071] -ri£^ft~f r^o^a^r 



S^Jfi^I0^^^4 8kHz T"m$tl^T^o^ 

m^z^yyv y^&T^a^/T* s^/v- » ay**— 
«i H 44. 1 kHz^tro^g^?s§src'S>^* 

[0072] T+a^«^7 , y*^Wt*> f T/W4, <fc 
fc, 7tP//f • 3 y;^^ 3 1 5&l^3 2 0 

^b-bws&yy'v y? • v—v - ay^—ffrh. 

[0073] fejS-r-^ • * ay bo— ^4 1 

eat?-* ■^7t415ii 

?yyj» - T^-^X • ^^'J (RAM) T£>&* 

ifcWtli. fw£r-* -a'77t41 5^. x*r4 -y 

?RAM*CJ!>S« U>>U ^t57^RAM (DRA 
M) ^y?0-/.XDRAM#£\ flfec7XX^y*8S£f5 
gf^.K 7 7r4 15icffl^i^"C^ 

[0074] 08 *«Hl/t* gSf-^ - A* 

7t4i scoflBifc. r^p^m^^^/Ht^y^ 

. a^7t 4 1 5J4, a' 7 7t • -7x3v90>?)\r~7b 
\,*o*rj*yhtztom2iiZ>. ma&HRCIi* 3m 
y<y7r • 7uy9ifi$>h. A' 7 7rltW85 0, 
^7772^870 V 7r3t*4890t 
$>^. T^o^^7*^^/Hk^y^Mi-?-ix-eix^ 

o^m^«^^^^fx3tT^^/Wb^yr;w8 1 oco 

OOfcltOTKU'X • -fe^yb852^tfiWLTV^ 

j^fa^^ix^ir^^Nt:l?-yr;l/8 1 5<^)2 3 8 
CJ^ftJi^'ffb, 3^yK&tf*M*K4 b830fc. 
ECCflr^84 0i:*^ *l^r7r - To -/^ 8 5 

^^^ix^x> ? ^;Ht^yr;P8 2 0<02 3 8 

g3^)TFW - -fe^yh8 5 6&A*'LTV^ <> ^ 
WBS&iufcf y^Wk*y^8 2 5^2 3 84>&Jb 

izx~>x. f^Ufcfyr^^fy^- y— y**, 

[0075] T^^fli^yr^^SSDW^:^ 
i>. H&iz^ mitortvzrr • ^P >^8 5 0*COWC 
tt^L^tHtflfifC. »20A>77 • 7**/? a 

ixTV^. ^illCiO. («#fi^®305^310 
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<tL7)>01-177507 (P 200 1-1 77 5 07 A) 



[0076] *t±{i^ b815&tf820h. 
FfttflBHB'^ b 8 3 0 &tf 8 4 0 i: 7*1*. * 

-J^VtA i 5frt>M&&% 

Eccxya^4l5(l #nr*GF <2 8 ) 

[00 771 ECC?3^84 08X^84 512. -Wt-Wt 
tf. ^2cOTKVX - -fe:/*:>'b8 54£3S4tf>rbV 

fcf^^^8 0 0&I/8 0 ScO^ift^ b 
8 1 52ll^8 2 0^aE]Sn$it^* 

[ o o 7 8 ] -f v^-u-^*tLfcxV^;Mfc^vr;u 

- ^a-/t78 50, 8 7 0atX8 9 0**fetJ8SSti.. ■ 
. JWK, • a'777 • a^bo^4 1 0$: 

fl-l/C 7 1"-* - 7*~^v*4 2 54t?IEai3*U>. 

yy^6 2 OStf 6 3 0 fcittft7?^a96 2 

35 1 £i&tflU Ttn^fof^Mtt^rA^) 

coy 77 u-j*z&fr$x t • 

[0 0 7 9] H9I±. m4<V&&-T-f '^7r4 1 

*/WI#$g3 1 O^^^f^/Mtt^T^l 
:r«u IS 1 <o«HB-fe^> > b 9 0 0 te*$vvt» 1 

• 3>v*-* 3 0 5X«±?^/MI#S3 1 0*> 

BKr2Ot>b9 0 5te»v%TIB2^y7r • 
870(2ia«S*t*. *2^B«B*^*Vb9 0 5fllB 
(C. ECCXy3-^4 20^ & l0>rtv?T • 
7^850m«U ECCflP^8 4 0Ktf84 5 
£«&U ECC1W84 02UX84 5fc*ltfV*77 
T • yoTr^8 5 0fciatW"*. ®3<r>B5BHs^^h 
9 1 OTli. 7*>?^/Wt^V7*^)*10^— T'*'® 
3^7r-yo-y?89 0fcBB3*l, ECCflff 

*lS&$*t£, !B4eoeia'fe^Xb9 1 5c0HC«. 
fy7 jVtt&y T'uVCO^A co ^V—Tiffa \<r>rtv7y 
■ ;fu*?8 5 0fc:iMES*u. S2^W7r ■ T'n-y 

? 8 7 o & r y ^/wt^yr^^i^-T^ga 



[0080] ^^^-Vt^^feKSf-^ • 
r4 1 5^B«fttfr ****** ^TOC^m^ 
*^*>'h9 2 0Rtf9 2 5CC»LTllt«U A>7r - 

.^p 7 ^850, 87 0»tl f 8 90^)R»Wflrr^ 

bn-^4 10ii;, £ii*^T?-fe*RtflE«**We 
tfSrfc&i^ 7Wi*-7jr-^7^4 2 5*^{i, 7 

# ^ h sixfc®as7 A^t/^tt«saKS4 3 
oias8«#i*. /t/i^{£a^&4 3 0tt. h7«e 

sixfc*^yre#^>HBaawi. 5Wr<tt>2. omh 
[0081] rki***: J; a f^yp-^^jio'c 

4 7 9^#T*9. 4r^yr«*&<2MHz-C»0* 
#KS7V—^«. 1- 9 7 2 5 VCtolNKMKIIfrlrl' 
TV^S* 3 tc* A-*bSS«»4 3 5tt* 

mmmmmmm^t. ^xh«W4 3 5*4, ** 

^ afw F 4 4 5 *f*»A«B» LTiMMB*3 4 5 

[0082] mi£ifr<tl£o^ a<l«S*3 4 5«, # 

/Whafl«4 3 5lt 3CX»4BF«-f<0^'«U&» 

^8lXI4«^ffl^*3 4 5cO+«cSmTI>. 
[00831 ^ny^EH»440tt, ^55:^-<^y^ 
H-^ST^cj^/'t^^- 3W<-?3 1 5X1/3 2 
OtcSSUT. 48kHzkV^ffljeV^b 4 
4. lkHafcV^A^net^b) 
^^@SB4 4 0U, 5^a#t*H»bT. 

[00841 ^n^^Hl8&440t±. 2MHzWt!> 

rfl»***u *nsr^xfii:wai»3 4ofe:ca 

[0085] ^nv^@1^440«4. 04^glfiCa39 
5X<iS®93 0 0<^v^-fil3Wc^V>Tfflfflo*y^ - )V 

[0086] «fc. S5$r#^bT. *»*<50««^ 

^A3oot*t*. asssfifc^ura^ii, mm 
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505*4. ****** yr«#*H*r*. Wig^ 

K 5 o o±ic®^r& . ft&ffi^ H 5 o OiC 

Sftfc**yr«WH«3*i*. Sfl^5 0 5J4, 

rfg^fctf^-^yry^u ia i uzmtzmz 

S. HPS 5 1 OU. ^^xffiSBBIO«iifc^^/Wfc 

[00873 «8ftfcf^A*» yr/mt, <i <r 

71/- A • 7t^7 h**LTJ39. ffi»5 1 0£> 

ts g<tr-* - ^ y 7 r 5 2 0 (c^^^^> . 
[00 88] Sft^-^ •A-/7r520il H4 0g 
9 -rt*?T4 1 5*>&3KM&ZtiX^Z. 5S 
if-^-^77r 5 20{l 7>^A ■ T?-feX ■ > 

*ytr**K *«^<^)»3BRtS0!rctt. X*^4 

AMT£>6. L**U DRAM^y^nfXRAM^r 

Jf ; fl&tf)** y aKfi**.«T-^ - 7 r 5 2 0 h u 

[0 0 89] ^t^—* 'A 7 7T5 2 0«Wlt, B 
8C^^ttTV^^T-^ - a>7t4 1 SVM&Lk 
H^T**. SMr— • Ay7T5 2 0«i* a>7t 

•7^07^850. 8 7 0&^8 9oco^n—r^^ru 

TV>&„ A-y7T ■ 7^07^850, 870&tf890 
14. T+nfrnwOJ—O—tttlfc 

^yf852. 854, 8 5 62W8 5 8£*rbT^ 

84 5^^^^r^u^m#^®rt : i^$^i? u 

r - 3Vhu^515^J:^T, ft»r-* '^7 

r 5 2 0#>£t&gs$*u ij-H-yojeyECCfa- 

y5 2 5WgiSSit&, y-H • VD^yECCfa- 
^5 2 514. RfcJ*^fcy-H • Vn^yECCft^ 

8 2 5<50«Ltfi^V h£&&LXffiEtZ>. «R& 
t/«iflBE**lfcW^n^fc-9-vrA'8 1 520^8 2 5 
VtmZtiXSLktiL'U Mi. gff^-* . A' 7 7r • 

5£#LT> Sflr*-? * a' 7 7t5 

20 cans*.*. niE^smarao (Bttaa^fci? 



^yr/^>iS^^^«^tL7t!S±fflMM M4. 

^i»]Effi^T> 7 ^^^>'r < /P$:fflV^T^^^ 7t 5 2 0 

9 MB**"*. #$gS»flW4. BHWSxS'' 

[0092] fTIE^^fg^^^/HtifV^VUOjE^ 

SOsWa®!-?— * •Ay7r- ho— ^ 5 1 5 5: 
#LT«3£3*U ffllf^-^77T520Sffl^ 

[00 93] ZTJE%mx*<ffl&h^1l&m0tt~t' 

(Harming) ^^yH^^j^LT, M^yU 

'J7^j 
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1. Titte of Invention 

A Wireless Infrared Dfgitat Audio System 

2, aaiiiis 

1 . A digtol communicate system far transmitting a,*J reviving digitized 
samples of analog signals comprising: 

a trsavmiesfon subsystem connected to an external signal source for 

reeeivfng *afcf digitized samples from the external signal source. 

generating error correction codes for said digitized samples to 

allow correction of error* in said fixed digged sampfos during 

transmitting of said dlgftized samples, formatt& ig said dotted 

eamplea into groups of interleaved dfgFttzed samples, eppandjng 

the error correction codes, a ureamWo liming signal and a start 

signal to said group of Interleaved digitised samples to form a 

transmit frame, modulating a carrier signal with said transmit frame 

end transmitting es a short burst said modulated carrier signair 
a communication medium connected to the transmission subsystem to 

transfer safd modulated carrier signaf; and 
« receiving subsystem- connocted to the communfeaiion medium for 
receiving said modulated carrier signal, demodulating said 
rnooXdated carrier signal to recover said transmit frame, extracting 
the group ct interleaved digitized samples end the enor correction 
codas from eaid transmit frame, checking and correcting OQ rt group 
of interleaved digitized samples, r i^y of said groi4> of iiUerleevcd 
digitised samples are urteorracUWe, jntorpotetina from adjacent 
interleaved digitized samples an estimated sampto value of those 
urx**reciabte digftized sat nples to ConcaaJ any effect of se(d 

/ 
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uncorrectable digitized samples, soft muting any of the digitized 
samples that are not conceaiable Or unrecoverable, and 

■ 

transferring the digitized samples to a digi tal-tc-aaalog converter 
for restoration of said analog signal. 

The communication system of claim 1 wherein said transmission 
subsystem comprises: 

a sampled data receiver to receive said digitized samples of the 

analog signals from the external source of the digitized samples j 

analog signals; 

a data buffer to retain a plurality of the digitized samples analog 
signals, 

a data buffer controller connected to the data buffer to control tho 

placement and removal of the plurality of digitized samples of the 

analog signals within the data buffer; 
an error correction code generator connected to the data buffer 

controller to receive multiple digitized samples of the analog 

signals through said data buffer controller from said data buffer, to 

generate an error correction word to be appended to said multiple 

digitized samples analog signals, and to return the multiple 

digitized samples of the analog signals with the appended error 

■ 

correction word through the data buffer controHcr to the data buffer, 

i 

* 

x 
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a frame formatter connected to the data buffer controller to receive an 
interleaved group of the multiple digitized samples of the analog 
signals and append a preamble timing signal and a start signal 
before said interleaved group of the multiple digitized sampfes of 
the analog signals to form a transmit frame; 

a pulse position modulator connected lo the frame formatter to receive 
the transmit frame and modulate according to a bit value of the 
transmit frame a pulse position within a carrier s ignal with the 

transmit frame; and 

* « 

a burst transmitter connected between the pulse position modulator 
and the communication medium to convey a modulated carrier 
signal to said communication medium, whereby said modulated 
earner signal is transmitted as the short burst within a short time 
period to minimize probability of interference on said 
communication medium, 

3, The communication system of claim 2 whereby tho transmission 

subsystem converts said digitized sampJes sampled at a plurality of 
sampling rates to digitized samples sampled at a fixed rate, whereby said 
digitized samples of the analog signals are digitized measurements of an 
analog signal sampled at one of a plurality of sampling rates and the 
transmission subsystem Is further comprising a variable sampling rate 
converter connected to said sampled data receiver to convert the digitised 

3 

r 

f 
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samples of the analog signals at tho one rate of the plurality of sampling 
rates to digitized samples of the analog signals sampted at a fixed rate . 

fha communication system of claim 1 wherein the receiving subsystem 
comprises: 

a receiver connocted to the communication medium to racovor said 
modulated carrior signal and extract a modulated transmit frame; 

a demodulator connected to said receiver to demodulate the 
modulated transmit frame and recover the transmit frame and 
extract the groups of interleaved multipfo digitized samples of tho 
analog signals with the appended error correction code; 

a received data buffer to retain the group of interleaved multiple 
dfgitJzod samples of the analog signals with the appended error 
correction code; 

a received data buffer controller connected to tho demodulator and the 
received data buffer to control transfer of the group of interteavad 
multiple djg&izBd samples of the analog signals with the appended 
error correction code from the demodulator to the received data 
buffer, 

an error check and correction circuit connected to the received data 
buffer controller to receive one group of the multiple digitized 
samples of the analog signals with tho appended error correction 
code, to check and corroct errors in said one of tho multiple 

4 
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digitized samples analog signals, to replace trie corrected one 
group of the multiple digitized samples of the analog signals to the 
received data buffer, and to identity any non-corroctabla group of 

¥ * 

the multiple digitized samples anaJog signals; 
a block recovery circuit connected to the received data buffer 

controller to interpolate the non-correctable group of the multiple 
digitized samples of the analog signals to conceal an effect of sakt 
non-correctable group of the multiple digitized samples anatag 
signals; 

a soft muting circuit connected to the received data buffer controller to 
access those multiple digitized samples of the analog signals with 
non-recoverable and non-concealabie errors and those of the 
multiple digitized samples of the analog signals that are correct 
and adjacent to the multiple digitized samples of the analog signals 
with non correctable and non-ooncoalable errors, lo apply a 
smoothing function to said muitipio digitized sampfes of the analog 
signals to bring those of the multiple digitized samples of the 
analog signals with the non-correctable and nor><5oncealablo error 
to a null value; 

a jitter tracking circuit to compare the a block transmission signal with 
a clock signal of said receiver subsystem to determine overrun and 
underrun of the contents of the group of interleaved multiple 
digitized samples of the analog signals with the appended error 

r 
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correction code, whoraby said block transmission timing signal 
indicates a boundary of said group of the multiple digitized 
samples analog signals; 

an interpolation and decimation circuit connected to the jittei tracking 
circuit and the received data buffer controller to generate or 
eliminate digitized samples of the analog signals if the jitter 
tracking circuit indicates bveirun or under run of the contents of the 
group of interleaved multiple digitized samples analog signals; and 

an interface circuit connected to the received data buffer controller to 
translate the digitized samples of the analog signals to a format 
acceptable by subsequent circuitry. 

3. The communtcatfon system of claim 1 wherein the analog signals are 

digitized and formatted to form the digitized samples having a non-return 
to zero encodrng. 

6. The communication system of claim 1 wherein the communication 
medium is selected from tho communication media consisting of wirod 
media and wireless media. 

7. The communication system of claim 1 wherein the modulated carrier 
signal is transmitted as light 

6 



PACE 54/13S ' RCVD AT 8/20/2009 5:40:10 AM (Eastern Daylight Time] * SVR:USPTO-EFXRF-6/24 ' DN1S:2738300 • CSID:8064 986673 • DURATION (mm-ss):00-46 



From: 8064986673 



To: 00215712738300 



Page: 55/135 



Date: 2005/8/23 T-f- 05:43:44 



<©6) )01- 177507 (P2001-177507A) 

8. The communication system of claim 1 wherein the modulated carrier 
signal is transmitted as a radio frequency signal. 

9. The communication system of claim 1 wherein the wired media ix>mprlse 
coaxial cabte, fiber optic cable, end iwo wire audio cable. 

10. Tho communication system of cteim 1 wherein the transmission 
subsystem further converts the analog signals to digitized samples. 

1 1 . The communication system of claim 1 0 wherein the transmission 
subsystem is JUrther comprising at least one analug-to<Ngitai converter 
connected between the external source and the data buffer controller to 
receive the analog signals ei\d to generate the digitized samples of the 
analog signals. 

1Z The communication system of claim 1 wherein the digitized samples aro 
sampied at one of a plurality of sampling rates. 

1 3. The communication system of claim 1 2 wherein the plurality of sampling 
rates comprise 32 kHz, 44.1 kHz, and 48 kHz. 



7 
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14- The communication system of daim 3 wherein the fixed sampling rate is 
selected from a grotp of sampling rates consisting of 48 kHz and 
44,1kHz. 

* 

1 5. The communication system of claim 1 wherein the error correction code is 
a forward error correction code using a Rewd Solomon encoding. 



16. Tho comrnunlcation system of claim 1 5 wherein tho error correction code 
word has a data block size of 238 bytes and one control byte and 16 
parity bytes. 

17. The communication system of claim 1 wherein the interleaved group of 
the multiple digitized sarnpies comprises a plurality at least significant 
bytss of tho even designated digitized samples of the group of multiple 
digitized samples, a plurality of most significant of the even designated 
digitized samples, a first command byte, a first plurality of error correction 
parity bytes, a plurality of least significant bytes of the odd designated 
digitized samples, a plurality of most significant bytes of the odd 
designated digitizsrf samples, a second command byte, and a second 
plurality of error correction parity bytes- 

18. The communication system of daim 1 wherein said carrier signal is 
modulated with a pulse positioned modulation whereby said pulse 
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positioned modulation is positioning of a pulse of said carrier signal within 
a period of said carrier signal according to a binary value of a plurality of 
bits within said transmit frame. 

1 9. The commurBcation system of claim 18 wherein aaicf plurality of bits is a 
pair of bits wfthrn said transmit frame. 

« * 

20. The communication system of claim 19 wherein the digitized samples are 
a non return to zero encoding. 

21 . The communication system of claim 2 wherein said burst transmitter 
comprises an irrfrarod light omitting diode and a diode switching circuit 
connected between the pulse positron modulator and the infrared light 
emitting diode to activate and deactivate said infrared light emitting diode 
wtth tho modulated carrier signal. 

22. The communication system of claim 4 wherein the receiver comprises a 
tight sensitive diode that receives light radiated from toe infrared light 
emitting diode. 

23. The communication system of claim 4 wher ein the demodulator 
demodulates the modulated carrier signal by oversampling said 

? 
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modulated carrier signal to determine an evaluation point of said 
modulated carrier signal to recover said transmit frame. 



24. The communication system of claim 4 wherein the demodulate* circuit 
detects the preamble liming signal and the start signal to indicate a 
location Df the interleaved group of the multiple digitized samples of the 
analog signals within the transmit frame. 



25. The communication system of claim 4 wherein the block recovery circuit 
conceals the effect of said nan-correctable group of the multiple digitized 
samples of the analog signals by interpolating adjacent correct digitized 
samples cf the analog signals to estimate a currect magnitude for said 
non-correctable group of the multiple digitized samples analog signals. 



26. Tho communication system of claim 4 wherein the smoothing function 

applies a Hanning window to those of the multiple digitized samples of the 
analog signals with non-recoverable and iTorvconoealabla errors and 
those of the multiple digitized samples of the analog signals that are 
correct and adjacent to those of the multiple digitized samples of the 
analog signals with norwtscoveraJWe and norxoncealable errors to 
smoothly decrease those of the multiple digitized samples of the analog 
signals that are coirect and adjacent to those of the multiple digitized 



lo 
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samples of the analog signals with non recoverable and ruxvconcealaWc 
errors to allow a gentle muting. 

27- The communication system of chaim 4 wherein the soft muting cii cult, 

upon bringing multiple digitized samples of the analog signals with nan- 
recoverable and non concealable arrets to a nuJI value, further sets 
subsequent multiple digitized samples of the analog signals to a null 
value preventing repetitive interference on said communication medium. 

28. A system for transmitting and receiving digitized samples of the analog 
signals on a communication medium, while maintaining fidelity of said 
digitized samples analog signals, comprising: 

a transmission subsystem connected between an external source of 
the digitized samples of the analog signals and the communication 
medium comprising: 

a sampled data receiver to receive said diglilzad samples of the 
analog signals from the external source of the digitized 
samples analog signals, 
a data buffer to retabi a plurality of the digitized samples analog 
signals, 

a data buffer controller connected to the data buffer to control 

V 

the placement and removal of the plurality of digitized 
samples of the analog signals within the data buffer, 

n 
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an error correction code generator connected to the data buffer 

controller to recoive multiple digitized samples of the analog 

signals through said data buffer controller from said data 

buffer, to generate an error correction word to be appended 

to said multiple digitized samples analog signals, and to 

rotum the multiple digitized samples of the analog signals 

with the appended error correction word through tho data 

buffer controller to the data buffer, 
a frame formatter connected to the data buffer controller to 

receive an interleaved group of the multiple digitized 

samples of the analog signals and append a preamble 

timing signal and a start signal before said interleaved group 

of the multiple digitized samples of the analog signals to 

form a transmit frame, 
a pulse position modulator connected to the frame formatter to 

receive the transmit frame and to modulate according bit 

values of tho transmit frame a pulso position of a carrier 

signal, and 

a burst transmitter connected between the pulse position 
modulator and the communication medium to convey a 
modulated carrier signal to said communication medium, 
whereby said modulated carrier signal is transmitted as a 
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burst within a short time period to minimize probability of 

interference on said communication m«3um; 
a receiver subsystem connected between the communication rnedfum and 
a digitaMo-analog converter for recovering said digitized samples 
analog signals, comprising; 

a receiver connected to the communication medium to recover 

said modulated earner signal and etfract a modulated 

transmit frame, 
a demodulator connected to said receive to demodulate tho 

modulated transmit frame and recover the transmit frame 

and extract the groups of interleaved multiple digitized 

samplee of the analog signals with the appended error 

correction code, 
a received data buffer to retain the group of interleaved multiple 

digitized samplos of tho analog signal* with the appended 

error correction code, 
a received data buffer controller connected to the demodulator 

and tho received data butter to control transfer of the group 

of interleaved multiple digitized samples of tie analog 

signals with the appended error correction code from the 

demodulator to the received data buffer, 
an error check and correction circuit connected to the received 

data buffer controller to receive one group of the multiple 

13 
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digitized samples of the analog signals with the appended 

eiror correction code, to check and correct error s in said 

one of the multiple digitized sample* analog signals, to 

replace the corrected one group of tho multiple digitized 

samples of the analog signals to the received data buffer, 

and to identify any non-correctable group of the multiple 

digitized samples analog signals, 
a block recovery circuit connected to tho received data buffer 

controller to interpolate the non-correctable group of the 

multiple digitized samples of the analog signals to conceal 

an effect of said non-correctable group of the multiple 

digitized samples analog signals, 
a sort muting circuit connected to the received data buffer 

controller to access those of the multiple digitized samples 

of the analog signals with non-reooverablo and non- 

concealable errors and those of the multiple digltl/ed 

samples of the analog signals that are correct and adjacent 

to the multiple digitized sampls* of the analog signaJs with 

■v 

norvcorrectable and non-conceaiaWe errors, to apply a 
smoothing function to said multftte digitized samples of the 
analog signals to bring (hose of the multiple digitized 
samples of the analog signals with the non-correctablo and 
TOn-concealabie error to a null value. 
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a Jitter tracking circuit to compare a block transmission timing 
signal with a dock, signal of said receiver subsystem to 

* 

determine overrun and underrun of the contents of the group 
of intertoaved multiple digitized samples of the analog 
signals with the appended error correction code, whereby 
said block transmission timing signal indicates a boundary 
between groups of interleaved multiple digitized samples of 
the analog signals with the appended error correction code. 

an interpolation and decimation circuit connected to the jitter 
tracking ctrcurt and the received data buffer controBer to 
generate or eliminate digitized samples of the analog 
signals if the jitter tracking circuit indicates overrun or 
undemm of the contents of the group of interleaved multiple 
digitized samples analog signals, and 

an interface circuit connected to the received data buffer 
controller to translate the digitized samples of the analog 
signals to a format acceptable by subsequent circuitry. 



29. The system of claim 28 whereby said digitized samples of the ai talog 

signals are digitized measurements of an analog signal sampled at one of 
a plurality of sampling rates and further comprising a variable sampling 
rate converter connected to said sampled data receiver to convert the 
digitized samples of the analog signals at the one rate of the plurality of 



1ST 
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sampling rates to digitized sampfes of the analog signal sampled at a 
fixed rale . 

■ 

30. The system of claim 28 wherein the digitized sampled of the analog 
signaJs are audio agnate digitized and formatted in a non return to zero 
encoding. 

31 . The system of claim 28 wherein the communication inedium is selected 
from the communication media consisting of wired media and wireless 
media, 

32. The system of claim 28 wherein the modulated carrier signal is 
transmitted as light 

33. fhe system of claim 28 wherein the modulated carrier signal is 

* 

transmitted as a radio frequeitty signal. 

w 

34. The system of claim 31 wherein the wired media comprise coaxial cable, 
fiber optic cable, and two wire audio cable. 

35. The system of claim 28 wherein the transmission subsystem is further 
comprising at feast one analogue-digital converter connected between 

r 
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the external source and the dele buffer controllei to receive the analog 
signals and to generate the digitized samples analog signals. 

36. The system of claim 29 wherein the plurality of sampled rates of 32 kHz, 
44.1 kHz, and 48 kHz. 

37. The system of claim 29 wherein the fixed rate is 48 kHz. 

38. The system Of claim 29 wherein the fixed rate is AAA kHz. 

39. The system of claim 28 wherein the error correction coda generator 
generates the error correction word, which is a forward error correction 
code word generated using a Reed-Solomon encoder circuit 

40. The system of claim 28 wherein the error correction code word has a data 
block size of 238 bytes and one control byte and 16 parity bytes. 

41 . The system of claim 28 wherein the interleaved group of the multiple 
digitized samples of the analog signals comprises of a plurality of least 
significant bytes of the even designated digitized samples of the analog 
signal* of the group of rniiliple digitized samples analog signals, a 
plurality of most significant of the even designated digitized samples 
analog signals, a first command byte, a first plurality of error correction 

n 
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parity bytes, a plurality of least significant bytes of the odd designated 
digitized samples analog signals, a plurality of most significant bytes of 
the odd designated digitized samples analog signals, a second command 
byte, and a second plurality of error correction parity bytos. 

42. The system of claim 2S wherein said pulse position is determined by the 
binary value of paired bits within said transmit frame. 

43. The system of claim 42 wherein the digitized samples of the analog 
signals are a non-return to zero encoding of the analog signals. 

44. The system of claim 28 wherein said burst transmitter comprises an 
infrared light emitting diode and a diode switching circuit connected 
between the pulse position modulator and the infrared light emitting diode 
to activate and deactivate said inflated light ernfiting diode with the 
modulated carrier signal. 

45. The system of claim 28 wherein the receiver comprises a light sensitive 
diode that receives light radiated from the infrared liyht emitting diode. 

46. The system of claim 28 wherein the demodulator demodulates the 
modulated carrier signal by ovei sampling said modulated carrier signal to 

Iff 
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determine an ©valuation point of safe! modulated carrier signal to recover 
said transmit frame. 



47. The system of claim 28 wherein the demodulator circuit detects the 

preamble timing signal and the start signal to indicate a location of the 
Interleaved group of the multiplo digitized sampios of the analog signals 
within the transmit frame. 



48. Tho system of claim 28 wherein the block recovery circuit conceals the 
effect of said non-correciable group of the multiple digitized samples of 
the analog signals by interpolating adjacent correct digitized sampios of 
the analog signals to estimate a correct magnitudo for said non- 
correctable group of the multiple digitized samples analog sisp>aU* 

49. The system of claim 28 wherein the smoothing function applies a Hanning 
window to those of trie multiple digitized samples of tho analog signals 
with norweoovorabie aid non-conceaiable errors and those of the 
multiple digitized samples of tho analog signals that are correct and 
adjacent to those of the multiple digitized samples of the analog signals 
with nor^recovorefcle and non-concealabte errors to smoothly decrease 
those of the multiple digitized samples of the analog signals that are 
correct and adjacent to those of the multiple digitized samples of the 



is 
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analog signals with non-recoverablo and non-concealaWe errors to allow 
a gentJs muting. 

50. The system of daim 27 wherein the soft muting circuit, upon bringing 
multiple digitized samples of the analog signals with non-recoverable and 
non-concoalablo errors to a null value, further setting subsequent multiple 
digitize** samples of the analog signals to a null value preventing 
repetitive interference on said communication medium. 

51. A method for transmitting, receiving, and recovering digitized samples of 
analog signals comprising the stops of: 

acquiring said digitized samples; 

interleaving the digitized samples to separate adjacent digitized 
samples decreasing a probability of loss of fidelity of said analog 
sfgnej due to unrecovcsreble errors; 

generating an error correction coda to provide a group of interleaved 
digitized samples with redundancy to recover interleaved digitized 
samples having errors created during transmitting and receiving; 

forming a transmit frame with a plurality of groups of interleaved 

digitized samples, error correction codes, a preamble timing signal, 
and a start signal; 

modulating a carrier signal with said transmit frame; 

20 
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transmitting as a buret the modulated carrier signal on a 

communication medium, whereby said bmst is a short period of 
time relative to a time of sampling represented by said digitized 
samples within the transmit frame; 

receiving ttie modulated carrier signal; 

demodulating said modulated carrier signal to recover said transmit 

frame: 

extracting the plurality of groups of interleaved digitized samples and 
the error correction codes from the recovered transmit frame; 

checking and correcting the groups of Interleaved digitized samples; 

if any of the digitized samples have uncorrectable errors, concealing 
any effect of said uncorrectable errors by interpolating from 
adjacent correct digitized samples an estimate of a sample value of 
said digitized samples with uncorrectable errors; 

soft muting any of the digitized samples that have uncorrectabto or 

* 

non-ooncoalable errors; and 
transferring the digitized samples to a digital-to^analog converter to 
restore the analog signal. 

52. The method of claim 51 further comprising the steps of: 
digitizing said analog signals, and 

formatting the digitized analog sigjial as a non-return to zero encoding 
of the digitized samples of the analog signal. 

1\ 
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53. rhe method of claim 51 wheroin the communicatfon medium is selected 
from the communication modia consisting of wired media and wireless 

» 

media. 

54. The method of clam 51 wberoin the modulated carrier signal is 
transmitted as Sight. 

56. The method of claim 51 wheroin the modulated carrier signal is 
transmitted as a radio frequency signal. 

66. The system of claim 53 wherein the wire media comprise coaxial cable, 
fiber optic cable, and two wire audio cable. 

57. The method of claim 51 further comprising the steps of lecelvlng the 
analog signal and converting said analog signal to digitized samples. 

58. The method of claim 51 whereby said digitized samples have a sampling 
rate selected from a plurality of sampling rates, 

59. The method of claim 58 further comprising the step of converting said 
digitized samples to digitized samples having a fixed rato . 

27- 
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60. The mottiod of claim 58 wherein the plurality of sampled rates of 32 kHz. 
44.1 kHz, and 48 kHz. 

* V 

61. The method of claim 59 wherein the frxod rata is 48 kHz. 

62. The method of claim 59 wherein the fixed rate is 44.1 kite. 

63. The method of claim 51 wherein the error correction code is generated 
using a Reed-Sofomon error correction method. 

64. ' The method of claim 51 wherein the error correction code has a data 

block size of 238 bytes and 1 control byte and 16 parity bytes. 

65. The method of claim 51 wherein the group of interleaved digitized 
samples are comprised of a plurality of feast significant bytes of the even 
designated digitized samples of the group of multiple digitized samples, a 
plurality of most significant of the even designated digitized samples, a 
first command byte, a first plurality of error correction parity bytes, a 
plurality of least significant bytes of the odd designated digitized 
samples, a plurality of most significant bytes of the odd designated 
digitized samples, a second command byte, and a second plurality of 
error correction parity bytes. 

23 
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ea The method of claim 51 wherein modulating said came/ signal comprises 
the stop of positioning a pulse positioned modulation whereby said pulso 
positioned modulation is positioning of a putee of said carrier signal within 

■ 

a period of said carrier signal according to a binary vaiuo of a plurality of 
bits within said transmit frame, 

67. The method of claim 66 wherein said plurality of bits is a pair of bits within 
said transmit frame. 

* 

68. Tho method of claim 51 whero demodulating the carrier signal comprises 
the step of cversampling said modulated carrier signal to determine an 
evaluation point of said modulated carrier signal to recover said transmit 
frame. 

69. The method of claim 51 wherein exfaacting the plurality of groups of 
interleaved digitized sample? and error correction codes comprises the 
stop of detecting the preamble timing signal and the start signal to 
indicate a location of the interleaved group of the multiple cflgW-ced 
samples of the analog signals within the transmit frame. 



70. The method of claim 51 wherein the smoothing ftjnctlon applies a 

Hanning window to those of the multiple digitized samples of the analog 
signals with non-recoverable and noo-concealabte errors and those of the 



2* 
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multiple digitized samples of the analog signals that are correct and 
adjacent to chose of the multiple digitized samples of the anaJog signals 
with non-recoverable and rxsn<joncealabie errors to smoothly decrease 
those of the multiple digitized samples of the analog signals that are 
correct and adjacent to those of the multiple digitized samples of the 
analog signals with non-recoverafoia and non-concealable errors to allow 
a gentle muting. 

/1 . The method of claim 51 further comprising the step of upon soft muting 
multiple digitized samples of the analog signals with non-rocoverable and 
non-concealable emore to a null value, further setting multiple digitized 
samples of the analog signals that are subsequent to the multiple 
digitized samp Jos of the analog signals with norwecovemble and non 
concealaWe errors to a null value preventing repetitive interference on 
said communication medium. 

-2ST 
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3. Detailed Description of Invention 
Background of the Invention 

Field of the Invention 

This invention is generally related to electronic circuits and systems that 
transmit and receive digitally sampled analog signals. More particularly, this 
invention relates to electronic circuits and systems that transmit and receive 
digital audio signals. 

Description of the Relatad Art 

The transmission of analog signals between a source of the analog 
signals and a reproduction of the analog signals at an output transducer is well 
known in the art. U.S. Patent 6,596,648 (Fast) describes a wireless infrared 
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audio transmission system where infrared LED emitters are activated by a 
frequency modulated pulse wave transmitted as fight to a receiver. The audio 
analog signal modulates the frequency modulated pulse wave, 

U.S. Patent 5,593,603 (Haupt, et al) Illustrates a another device ibi 
wireless tr ansmission of audio signals. Refer now to Tig. 1 for an overview of 
this structure. Tho analog source 5 provides a left channel L and a right channel 
R. The analog source 5 would be microphones, a FM tuner/receiver, or an 
analog recording media. The left channel L and the right channel R are inputs 
to analog-tcxtlgftal converters 15 and 20. it is well known in the art that the 
analog sources can provide any number of channels. The loft channel t and 
right channel R are chosen for illustration purposes. 

Additionally, the analog signals from the analog source 5 can have been 
previously converted to digitized samples and then provided by the Digital 
source 10. The digitized samples of the analog signals are retained in a data 
buffer 23. The digitized samples are then formatted in data frames in the data 
formatting unit 30. In Haupt, et al. a data frame is .128 bits in length for each 
channel (left channel L or right channel R). The data frames are then 
transferred to the date modulator 35. A carrier signal is then modulated with the 
data frames. 
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In the case of Haupt, et el, the data frames are changed from a 4 bit 
audio data to a 5 bit transmission data, which is used to activate and deactivate 
an infrared light emitting diode. The modulated carrier signal is transferred to a 
transmitter and then conveyed to tho communication medium 45. Tho infrared 
light is then radiated through tiw open atmosphere to a t eceiving ligiit sensitive 
diode, In this case, the communication medium 45 is tho open atmosphere. 

It is well known that the transmitter 40 can produce radio frequency waves 
in addition to 5ght. Further, the communication medium 45 can be either wire 
such ad coaxial cable, twisted-pair cable or other forms of metallic (copper) inter- 
connection. Additionally, the communication medium 4* may be a fiber optic 
cable. 

The receiver 50 will recover the modulated carrier signal from the 
communication medium 45. Typically, a clocking or timing signal is included in 
the data frame and the modulated carrier s)gna). A Oock extraction circuit 55 will 
develop the embedded clocking or timing signal and synchronise the receiving 
subsystem 100 with transmitting subsystem 95. Classically, tho clock extraction 
circuit 55 irwrporatee a phase locked oscillator, which can maltunction if there 
are errors In the transmitted modulated carrier signal. 

m 

The recovered modulated carrier signal is transferred to the demodulator 
60 to extract the data frames. The data frames are then reformatted in the 
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receive data formatter 5$ to recreate the digitized samples of the analog signals, 
fhe recreated digitized samples art> then transferred to the digital-to-ana tog 
converters 70 and 75 to reproduce the analog signals 60 and 85. Alternately, 
the digitized sample© of the analog data can be transferred 9$ to external 
circulti y for further processing. 

rhe wireless transmission as shown in Fig. 1 is subject to corruption of 
the digitized samples during transmission. For instance, noise from an 
electronically ballasted halogen lamp would completely breakdown recovery of 
tho transmission of the modulated carrier signal, 

A solution to tho corruption of the modulated carrier signal Is to provide a 
level of redundancy tor the digitized samples. U.S. Patent 6,832,024 (Schotz. et 
al.) shows the use of forward error correction codes using the well known Reed- 
Solomon Coding. This wilt eliminate error* of relatively short duration, but will 
not prevent disruption of the output analog signals 80 and 85 due to long term 
digitized sample corruption. 

To eliminate longer corruption of tho digitized samples Schotz, et al. 
employs a ccnvolutiona! interleaving circuit to separate the digitized samples of 
the analog signal that would normally be transmitted together. This allows the 
greater probability that a longer term error can be to bo corrected. 

21 
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If the error correction coding and the convoiuttcnal interleaving of the 
digitized samples cannot insure corrected digitizod samples of the analog 
signals, the analog signal will be reproduced (especially In audio signals) as 
annoying cracks and pops in a speaker. To eliminate the cracks and pops, 
Schotz, et al. suggests that the digitized samples can be brought to a null level 
or muted. However, if the muting is activated suddenly, it is distracting and is 
annoying to the listenor in an audio application. 

U.S. Patent 5,602,669 (Chaki) provides a digital transmitter-receiver that 
transmits a digital audio signal within a specified frequency band, and receives 
the specified frequency band. Chaki modulates a fundamental frequency using 
Quadrature Phase Shift Keying (QPSK). The QPSK modulated signal is 
transferred to an infrared emitter for transmission. 

U. S. Patent 6,420,640 {Munich, et al.) descrfoes a memory efficient 
method and apparatus Tor syrn^ ionization detection within a digital data stream 
over a communication path. The digital data Is arranged as a sequence of 
frames, each frame including a plurality of lines of date. The beginning of each 
frame is indicated by a frame synchronization word. Tho beginning of each line 
is indicated by a horizontal synchronization byte. An encoder, before 
transmission, interleaves the data. The decoder contains circuitry for locating the 
horizontal and frame synchronization date and contains circuitry for 
deinterteaving the digital data. Both tho synchronization locating circuitry and the 

30 
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deinteriesving circuitry require access to a memory, but not at the same time. 
Therefore, a single memory is used with the synchronization recovery circuitoy 
and delrterieaving circuitry alternately addressing the memory. The digital data 
stream of Munich, ot al. pertains to video, audio and other related services of 
subscriber based tolevision systems. 



U. a Patent 5,745,582 (Shimpuku, ct at.) teaches an audio signal 
transmitting and receiving system which can perform optical transmission of a 
digital format audio signal with small deterioration of the sound quality over the 
transmission path. The audio signal transmitting system has circuits to add an 
ot ror correction signal to a digital audio signal. The digital audio signal with the 
aror con action signal is than encoded and interleaved to generate an audio 
transmission signal. Repealing a digital control signei, which is to bo used for 
the reproduction of the digital audio transmission signal, generates a continuous 
signal. A multiplexer combines the audio transmission signal and the continuous 
signal to generate a multiplexed signal. A modulation circuit then rnodulatas a 
carrier signal similar to that described above with the multiplexed signal by a 
predetermined digital modulation method to generate a modulated signal within 
a jrodetermined frequency band. The modulated signal is transmitted by an 
optical transmission signal. A differential typo QPSK modulation method creates 
the modulated signal preferably. Srdmpuku, et al. further describes an audio 

* 

signal receiving circuit for reproducing a digital audio signal and a digital control 
signal from the optical transmission signal The audio signal receiving circuit 



3\ 
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ft 

has an optical receiver to convert the optical transmission signal to an electric 

* * 

reception signal. Trie modulated signal is then reproduced to permit 
demodmation of the reception aignel by a digital demodulation method 
corresponding to the predetermined digital modulation method to reproduce the 
multiplexed signal A separating circuit separates the audio transmission signal 
and the continuous signal from the multiplexed signal. The audio transmission 
signal is then deinterieaved and error correction based on the added error 
correction signal is performed to reproduce the Digital audio signal 

The digital source 10 Is often a compact audio disk (CD), a Moving 
Picture Expert Group Audio Layer 3 (MP3) data file, a digital audio tape (DAT), a 
Digital Video Disk (DVD), or a digital satellite receiver (DSR)- The fonnat of the 
digitized samples from a digital source 10 commonly complies with the 
Sony/Phillips Digital Interface (S/PDIF). International standards that have 
developed from this standard are the Audio Engineering Society (AES) AES-3, 
the European Hroadcastefs Union <€«U) Tech. 3250-E, the Japanese Electronic 
industries Alliance (EIAJ) CP-340, and the International Electronic Commission 
(IEC) IEC609S8. While these standards are similar, they are not necessarily 
identical. However, the data format as shown In Fig. 3 is common lor each 
standard. The allowed sampling frequencies or sampfo *g rates of the audio 
analog signals to create the digitized samples are the 44.1 kHz for CD and Mf*3, 
46 KHz for DAT and DVD. end 32 kH* for DSR 
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ftefer now to fig. 2 to discuss the data format of the S/PDIF family of 
international standards. A frame consists or two subframos 200 and 20S 
containing the samples from an A channel or left channel and a B channel or 
right channel Bach subframe has a synchronizing preamblp A SYNC and 8 
SYNC. The synchronizing preamble identifies the contents of the sufeframa as 
being either a word containing a sample of the A channel at the beginning of a 
Week 21 5, the A channel within a block, or the 6 channel. 

* 

The digitized audio samples for channel A and channel B can contain up 
to 24 bfts representing the amplitude of a sample of the ana tog audio signal 
Normally for CD applications, only the 16 bits A8 through A23 are employed to 
convey the digitized audio samples. The bits AV and BV are the validity 
indicating if the digitized audio sample is in error. The Mis AU and BU are user 
defined bits which when collected from many samples indicate running time, 
track number, etc. The bits AC and BC are channel status bits defining such 
information as emphasis, sampling rate, and copy permit, The bits AP and BP 
are parity bits for error detection to verify reception of the data samples. 

The digitized audio samples ate encoded using a commonly known 
biphaso mark or Manchester coding technique. The samples are transferred 
serially at a rate of 2.8 MHz. for a sampling rate of 44.1 kHz, 2 MHz for a 
sampling rate of 32 kHz, and 3.1 MHz tor a sampling rate of 48 kHz. 

* 

■ 

* 

as 



PACE 81/13$ * RCVD AT 8/23/200$ S:49:10 AM [Eastern Daylight Time] ' 8VR:USPTO-E FXRF-6/24 * ONI8:2738300 • C8ID:8064 986673 * DURATION (mm-SS):96-46 



From: 8064986673 



To: 00215712738300 



Page: 82/135 



Date: 2005/8/23 T-f- 05:43:54 



(£3) 301-177507 < P2 00 1 - 1 7 7 5 0 7 A) 

A block of the digitized audio samples consist* of 1 02 frames 
concentrated together. 

U. S. Patent 5,669,820 (Adams) describes a drcuitfor SPD1F-AES/EBU 
cBgrtal audio data recxwciy. The circuit decodes an input signal rne circuit 
includes a measurement sub-circuit having an Input to receive a timing clock 
signaf that is asynchronous with docking of the input signal. The asynchronous 
timing ciocK signal measures the duration of a plurality of pulsos received on (he 
Input signal in relation to fraquency of tho timing clock signal. A decode circuit 
decodes the input signal into digital data. The invention of Adams permits use of 
alt digital components for decoding digital audio data encoding using biphase- 
mark encoded data according to the S/PDIF or AES/GBU standards. 

■ 

Summary of the Invention 

T 

An object of this invention is to provide a system for transmitting, 
receiving, recovering, and reproducing digitized samples of analog signals- 

*. 

Another object of this invention is to conceal unrecoverable digitized I 
samples of analog signals to maintain a level of fidelity in reproducing the 
digitized samples of the anak>g signal. 

Further, another object of this invention is to transmit the cfigitked 
samples or the analog signals such that the probability of interference with the 
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transmission and thus corruption of the digitized samples of trio analog signals is 
minimized by transmitting the digitized samples as bursts shorter period than the 

time of tne analog signals represented by the transmitted digitized samples. 

* 

Stil! further, another object of this invention Is to receive the digitized 
samples of analog signal without synchronizing a receiving dock with a 
transmitting clock to capture the digitized samples of the analog signals. 

Even still further, another object of this invention is to convert the digitized 
samples of the analog signals from an external source that has va»k>u* sampling 
rates to digitized samples of the analog signals having a rate. 

Again, another ofcflect of this invention is to softly mute the digitized 
samples of the analog signals when large groups of the digitized samples can 
norther be recovered nor concealed. 

Another object of this invention is to track the long term difference 
between a transmit clock and a receive dock and to interpolate and decimate 
any underrun or overrun of the digitized samples of the analog signals wthin a 
group of digitized samples of the analog signals. 

To accomplish these and other objects, a digital communication system 
for transmitting and receiving digitized samples of analog signals Is comprised of 

3t 
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a transmission subsystem for transmitting the digiti zed samples a communication 
medium to convey the transmitted crigrtized samples having various sampling' 
rates, and a receiving system to receive and reproduce the transmitted digitized 
samples. The transmission subsystem receives tho digitized samples having a 
variable sampling rate from an external signal source and men converts the 
digitized samples having a variable sampling rato to digitized samples with a 
fixed rate. The digitized samples have en or correction codes generated to atlow 
correction of any errors in the fixed digitized samples that may occur during 
transmission of the digitized samples. The digitized samples are formatted into 
groups of interleaved digitized samples with appended error correction codes. A 
preamble timing signal and a start signal fc then appended to the group of 
interleaved digitized samples to form a transmit frame. A carrier signal is men 
modulated with the transmit frame and the modulated carrier signal is then 
transmitted to the communication mecflum. 

The receiving subsystem is connected to the cornmunicallon medium to 
receive and recover the modulated carrier signal. The modulated carrier signal 
is then demodulated to recover the transmit frame and to extract the group of 
interleaved digitized samples and the error correction codes from the transmit 
frame- The group of interleaved digitized samples with the error correction 
codes are checked, and the group of interleaved digitized samples with errors 
are corrected, tf any of the group of interleaved digftized samples are 
uncorrectable, an estimated sample value of those uncorredBWe digitized 
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samples is created by interpolating from adjacent interleaved digitized samples 
to conceal any effect of the uncorrectable digitized samples. Any of the digitized 
sumplos that are not concea/e&Je or unrecoverable or are invalid are soft muted. 
The digitized samples are then transferred to a digital-to-analog converter for 
restoration of the analog signal. 

The transmission subsystem has a sampled data receiver to receive the 
digitized samples of the analog signals from the external source of the digitized 
samples of the analog signals. A variable sampling rate converter is connected 
to the sampled data receiver to convert the digitized samples of the aiiaiog 
signals that are sampled at the one rate of the various sampling rates to digitized 
samples of the analog signals sampled at a fixed rate. A plurality of the digitized 
samples of the analog signals is retained in a data Duffer. A data buffer 
controller is connected to the variable sampling rate converter and the data 
buffer to control the placement and removal of the plurality of digitized samples 
of the analog signals within the data buffer. An error correction code generator 
is connected to the data buffer controller to receive multiple digitized samples of 
the analog signals through the data buffer controller from the data buffer. The 
error correction code generator generates an error correction word that 
appended to the multiple digrtteed samples of the analog signals, and than 
returns the multiple digitized samples of the analog signals with the appended 
error correction word through tfte data buffer controller to the data buffer. The 
error correction code generator creates a ReaoVSolomon error correction code 

" 31 
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with a the error correction code word that has a date block size of 238 bytes and 
one control byte and 16 parity bytes. A frame formatter is connected to the data 
buffer controJler to * eceive an interleaved group of tfie multiple digitized samples 
of the analog signals with the appended error correction codes and appends a 
preamble timing signed and a start signal bofbre the interleaved group of the 
multiple digitized samples of the analog signals to form a transmit frame. A 
pulse position modulator is connected to the frame formatter to receive the 
transmit frame and modulate a carrier signal according to a pulse position 
modulation with the transmit frame. A burst transmitter is connected between 
the pulse position modulator and tho communication medium to convey a 
modulated carrier signal to the communication mecfiura The modulated carrier 
signal is transmitted as a burst within a short time period to minimize probability 
of interference on the communication medium. 

The communication medium may be either wireless or wired and the 
modulated carrier signal may be transmitted as light or as Radio Frequency 
energy. The wired comrrwrucation media may be either fiberoptic cable, coaxiaJ 
cable, or two wire twisted pair cable. 

The receiving subsystem has a receiver connected to the communication 
medium to sense and amplify the modulated carrier signai and to recover tl>e 
transmit frame. A demodulator is connected to the receiver to demodulate the 
modulated carrier signal and extract the groups of interleaved multiple digitized 

5? 
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samples of the analog signals with the appended error correction cote. The 
demodulator is connected to a received data buffer to retain the group of 
Interleaved multiple digitized samples of the analog senate with the appended 
error conectson code. A received data buffer controller is connected to the 
demodulator and the received data buffor to control transfer of the groups of 
interleaved multiple digitized samples of the analog signals with the appended 
error correction code from the demodulator to the received data buffer. An error 
check and correction circuit is connected to the received data buffer control tar to 
receive one group of the multiple digitized samples of the analog signals with the 
appended error correction code. The error check and correction circuit checks 
and corrects any errors thai occur in transmission in the one &oup of the 
multiple digitized samples of the analog signals and then replaces the corrected 
group of the multiple digitized samples of tho analog signals to trie received data 
buffer. Any non-correctable digitized samples of the multiple digitized samples 
of the analog signals are identified for concealing. A block recovery circuit is 
connected to the received data buffer controller to receive and interpolate the 
norvcorrectablo digitized samples of the analog signals to conceal an effect of 
the noTveorrectabie digitized samples analog signals. A soft muting circuit is 
connected to the received data buffer controller to access those groups of the 
multiple digitized samples that were not correctly received and declared Invafid 
and those of tho multiple digitized samples of tho analog signals with non- 
recoverable and non-concoalabto errors. The soft muting circuit, further, 
accesses those of the multiple digitized samples of the analog signals that are 
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conrect and adjacont to those of the inuftiple digitized samples of the analog 
signals that are Invalid or with non-correctable and non conceaJabte errors. The 
soft muting circuit then applies a smoothing function to the multiple digitized 
samples of the analog signals to bring those of the multiple digitized samples of 
the ana tog signals that are invalid or with the non-correctable end non- 
cortceaja bie error to a null va/ue. 

The receiving subsystem has a jitter tracking circuit to compare the block 
transmission timing signal with a clock signal of the receiver subsystem lo 
determine overrun and underrun of the contents of the group of interleaved 
multiple digitized samples of the analog signals with the appended error 
correction code. The block transmission signal indicates a boundary of groups 
of Interleaved multiple digitized samples of the analog signals with the appended 
error correction codes. The number of words within each group of interleaved 
multiple digitized samples of the analog signals with the appended error 
correction codes must contains the correct number of digitized samples of 
analog signals. An interpolation and decimation circuit is connected to the jitter 
tracking circuit and the received data buffer controller to generate or eliminate 

digitized samples of the analog signals if the jitter tracking circuit indicates j 
overrun or underrun of the contents of the group of interleaved multiple digitized 
samples analog signals. 
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An interface circuit Is connected to the received data buffer controller to 
translate the digitized samples of the analog signals to a format ecceptaMe by 
subsequent circuitry. 

■ 

* i 

The digitized samples having variable sampling rates are sampled at 
sampling rates of 32 kHz, 44.1 kHz, and 48 kHz. 

The transmission subsystem may have at least one analog-to-digitai 
converter connected between the external source and mo data buffer controller 
to receive the analog signals and to generate the digitized samples analog 
signals. The sampling rate of the anatog-to-dlgitsi converter is apprwmatety 48 
kHz. An alternate sampling rate for the anaJog-to-digitaf converter is 44. tfcHz. 

The Interleaved group of the multiple digitized samples is comprised of a 
oiurafiry of least significant bytes of the even designated digitized samples of the 
group of multiple digitized samples, a plurality of most significant of the even 
designated digitized samples, a first command byte, a first plurality of orror 
correction parity bytes, a plurality of least significant bytes of the odd designated 
digitized samples, a plurality of most significant bytes of thoodd designated 
digitized samples, a second command byte, and a second plurality of error 
correction parity bytos. 
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The carrier signal is modulated with a pulso positioned modulation by 
positioning of a nutes of we carrier signal within a period of the carrier signal 
according to a binary value of a plurality of bits wthin the transmit framo. The 
plurality of bits of this invention is tvw>oits r 

The digitized samples are encodod in a non-return to *ero (NRZ) format 

The burst transmitter includes an infrared light omitting diode and a diode 
switching circuit connected between the pufeo position modulator and the 
infrared light emitting diode to activate and deactivate th© infrared fight emitting 
diode with the modulated carrier signal. 

The receiver comprises a light sensitive diode that receives light radiated 
from the infrared light emitting diode. 

The demodulator demodulates the modulated carrier signal by 
oveisampiing the modulated carrier signal to dotemnine an evaluation point of 
the modulated carrier signal to recover the transmit frame. 



42 
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Detailed Description of the Invention 

Refer now to Fig 3 for a discussion of the structure of tie trarisrnitting and 
receiving system of this invention. A source 305 of an analog signal generates 
analog signals to the left channel L and the right channel R. The analog sourca 
305 may po microphones, a radio receiver/tuner, or analog recording media. The 
analog signals from the left channel L and the right channel R respectively are 
the inputs to the anaiog-io-dlgria! converters 31 5 and 320. fho anafog-to-digital 
converters 315 and 320 sample the analog signals at a fixed rate, fho fixed rate 
in the preferred embodiment is 48 kHz and in an alternate embodiment the fixed 
rate Is 44.1kHz. 



$3 
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fha digital source 310 provides digitized samples of the analog signal 
that hay© been previously sampled and recorded or stored on a media such as a 
compact disk, digital audio tape, or other digital storage medium. The sampling 
rates of the digitized sample may differ from the fixed rate of the preferred 
embodiment, fn the case of digital source 310, complying with the industry 
standards that implement the S/PDtF format, the sampling rates will be, as 
described above, 44.1 kHz. 48 kHz, and 32 kHz. 

The digitized samples of analog signals are transferred to the transmitter 
395, The transmitter 335 converts those digitized samples generated from 
differing sampling rates to digitized samples generated from the fixed rate. 

The digitized samples are reorganized to interleave the digitized samples 
such that those digitized samples that are adjacont are separated such thai they 
will he transmitted at different times. This separation minimizes the probability 
that any interference with the transmission prevents correction and 
reconstruction of the digitized samples. 

Refer now to Fig. 8 for a discussion of the data structure of the digitized 
samples of this invention. In this invention, the data samples consist of two 
bytes (16 bits) of the possible data samples. The remaining byte (8 bits) of tf>e 
S/PDtF format Is discarded The first group 810 of 238 bytes consists of the 
alternating least significant bytes of the left channel L (A channel) and the least 

H 
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significant bytes of the right channel R (8 channel) of the even designated 
samples. The second group 815 of 238 bytes consists of the alternating most 

» 

significant bytes of the teft channel L and tiia most significant bytes of the right 
channel R of the even designated samples. The third group 820 of 238 bite 
consists of the alternating bast significant bytes of the teft channel t and tho 
least significant bytes of the right channel R of the odd designated samples. 
The fourth group 825 constats of the alternating most significant bytos of tho left 
channel L and the most significant bytes of the right channel R of the odd 
designated samples. Aa can be seen, tine bytes of one digitized sample are 
separated by 238 bytes during a transmission. Further, two adjacent of the 
digrtteed samples ore separated by at least 238 bytes. While this structure is 
adequate for tha preferred embodiment, other interleaving patterns are possible 
and sti I) are *m Keeping with the intent of this inventioa 

♦ 

Returning to Fig. 3, tho transmitter 39$ generates error correction codes 
(ECC) 825 and B45 to be appended to tha group of most significant bytes 810 
and the group of most significant bytes 820 of the odd designated samples 805. 
f ho ECC codes 835 and 845 are forward error correction codas employing tire 
Reed-Solomon method of error correction encoding. The ECC codes of this 
invention 836 and 845 have a symbol size of 8 bits or ona byte and vsrfB have a 
Galois field <3F(2 m ) or GF(2*)> The block length <n) of the ECC codes 835 and 
845 of this invention is 255 bytes (5*). The number of correctable errors is 
chosen to be 8 and therefore the message stefi is 239 bytes, which is 238 of the 



i 

PAGE 93/135 * RCVD AT 8/23/2005 5:49:10 AM [Eastern Daylight Time) * 8VR:USPTO-EFXRF-6/24 * DNJ8: 2738300 * CS!D:8064986673 * DURATION (mm-ss): 98-46 



To: UMlbYlHYSBSUO Page: 94/ 13b 



Date: 2UUb/b723 T-f" Ob: 43: by 



W5) )01-177507 (P200 1-1 7750 7A) 

most significant bytes 815 and 823 of the even samples 800 and the odd 
samples 805 and one command and control byte 830 and 840. 

The preferred embodiment allows correction of only the most significant 
bytes 815 and 820 of the digitized samples. It would be apparent to one skilled 
in the art that a different Gakws field GF (2*} could be chosen and that a 
different number of correctable errors couJd further be chosen and stilt fce in 
keeping with the intent of this Invention, 

The interleaved digitized samptes wfth the appended ECC code of Ftg. 8 
are formed for serial transmission as shovm in Fig. 6. Each frame is divided into 
two submames, an even subframe 810 and an odd subrrame 81 The oven 
subframe 610 is structured as described in Fig. 8 as the group of even 
designed digitized sampled 800 and the odd subframe 818 is structure as 
described in Fig. 8 as the odd designated digitized samples 805. The CCC code 
835 is appended to the even designated digitized sampfes to complete the 
subframe GIO and the ECC code 845 is appended to the odd designated 
digitized samples 805. 

A liming preamble 820 and 830 end a start flag signal 625 and 855 are 

appended respectively before the even subframo 810 and the odd subframe 

♦ 

815. The riming preambles 820 and 850 each consist of up to 16 bytes of a 
uniquo pattern which identifies the beginning of each subframe 610 and 820. 

U 
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The timing preamble €20 end 630 pattern is a unique pattern that violates the 
norma) pulse position modulation hereinafter <toscribed. The unique patternof 
the liming preamble 620 and $30 is surftcientiy long to allow tire receiver to 
identify the timing preamble 620 and €30 end "lock" onto th* timing preamble 
620 and 630- The start flag signals 626 and 835 each consist of two bytes of a 
unique pattern indicating the beginning of the even subfrarnes 310 and 615. 

The formatted groups of the digitized samples of the analog signals a* e 
then used to modulate a carrier signal within the transmitter. In the preferred 
embodiment, the modulation is a pulse position modulation (PPM) as shown tn 
Fig. 7, The plot 725 shows the possible combinations of voHege lavols that 
comprise a basic raw non-return to zero encoded data of tho digitized samples. 
Each bit time T^ 700, 70S, 710, and 715 is divided into four phases fa fa fa, 
fa fhe plot 720 shows the resulting pulse position modulation codes of this 
invention. The NRZ code (00) illustrated in the bit time 700 places a togic lovol 
1 in the phase slot fa; NRZ code (01 ) illustrated tn the bit time 705 places a logic 
level 1 in the phase slot fa the NRZ code (10) IDustrated in the bit time 710 
places a logic level 1 in the phase slot fa: and me NRZ code <1 1) illustrated in 
the bit time 715 places a logic level in the phase sk>t 44. 

The modulated came* signal Is then burst transmitted to a communication 
medium 345. The modulated carrier signal is transmitted as light or a radio 
frequency (RF) radiated into the atmosphere in wireless communication or is 

*1 
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transmitted also as fight or a radio frequency transferred to a trownission cable 
in wired communication, if the modulated carrier signal is transmitted as light, it 
is transmitted on a fiberoptic cable, tf the modulated carrier signal is transmitted 
as RF» ft is transmitted on a cable such as coaxial cable or simple twisted pati 
tvua wire cable. 

The 476 digitized samples that compose a frame of fhe digitized samples 
represent 119 samples of a stereo music presentation or 2.479 milliseconds of 
the presentation, ihe transmission frequency of the modulated carrier signal in 
the preferred embodiment is at 2.0 MHz. Thus the transmission of 476 digitized 
samples coupled with the timing preamble, the start flag signal, the ECC code 
word» and the command and control byte (433) byte) requires 1.072 milliseconds 
to complete. The transmitter wfl) not be transmitting or will be idle for 20.5 % of 
the time. This will mintmize the probability that any burst of noise will irrtarfero 
with the transmission, if the transmission frequency is increased or the period of 
a burst of the digitized samples decreased, the timo of transmission decreases 
and the idle time increases, further Improving the probability of having no 
interference. 

The modulated carrier signal that is transmitted on the communication 
medium 345 is conveyed to the receivor 300. The receiver wQJ recover the 
modulated carrier signal by converting the light or RF signal to etectrfcaJ signals. 

* 
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* 

The modulated carrier signal is then demodulated to recover the transmitted 
fra/ns of the groups of digitized samples of the analog signals. 

Tho roceivoT of this rnvontion does not extract a transmitted clock from the 
modulated carrier signal to synchronize the receiver 300 with the transmitter 
303. The receiver 3Q0 has a dock that is independent of the transmitter clock, 
fhe receiver dock is specified to be nominally identical with the transmitter 
dock, but because of toJerancing and phasing differences between the two 
clocks, the received modulated carrier signal is not always received correctly 
and causes errors. 

To minimize the errors, the receiver recovers the modulated carrier signal 
to extract the transmit frame of the digitized samples of the analog signal by 
oversampting the modulated carrier signal Ovorsampling is sensing the logic 
level at a rate that is a relatively large multiple of the frequency of the carrier 
signal. When a relatively large number of overs ampUng results Indicate a series 
of sampJas having one logic level after an opposite logic level in the received 
modulated carrier signal, a starting evaluation point is arbitrarily assumed and 
each successive evaluation occurs at the frequency of the modulated carrier 
signal after the arbitrarily assumed evaluation point The evaluated data is 
compared with the expected timing preamble. If a mismatch occurs between the 
evaluated data and the expected timing preamble, the starting evaluation point is 



PACE 97/135 • RCVD AT 8/23/2005 5:49:10 AM [Eastern Daylight Time] » SVR:USPTO-EFXRF-6/24 ■ DNI8:2738300 ■ CSID:8084988673 * DURATION (mm-ss):98-48 



from: KUb4y8bb73 



to: uuzibYiz/JbcJUU 



rage: 



uate: zuuiD/K/za > «f- ut>:44:uu 



<!7 9) )01-1 77507 (P200 1-1 77507A) 

adjusted and the data reevaluated. This process is repeated until the timing 
preamble is recovered from the received modulated carrier signal. 

If the total timing preamble is then detected correctly, the timing of the 
recovering is determined to be locked. Once the receiving timing is locked to the 
received modulated carrier signal, the start flag signal is sought from the 
received modulated carrier signal If the start flag signal is not found, the frame 
Is declared Invalid and Drought to a nuR levei If the start flag signal is recovered 
from the received modulated carrier signal, the transmit frame then recovered 
from the received modulated carrier signal. 

Refer to Tig. 1 1 for a more complete over/lew of the selection of the 
evaluation point to determine the locking of the timing of tho receiver 300 with 
the received modulated carrier signal 750. The recovery dock 755 has a 
frequency or rata of sampling that is. for the preferred embodiment, a factor of 
six times the frequency of the carrier signal 700. The timing clock 755 sets the 
sampling time of the modulated carrier signal 750. The recovered data 785 is 
the logic level of the modulated carrier signal 750 at the sampling time of the 
liming dock 755. As described above, the first logic level after an opposite logic 
level (logic level 0 in this case) starts the count to establish the arbitrary 
□valuation point 750. The successive evaluation points wilt be at the rate of the 
carrier signal 760 or in this case every sixth occurrence of the timing clock 755. 
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H js apparent to those skilled in the art that tho frequency of tte timing 
dock 755 can be modified to a multiple factor of the frequency of the carrier 
signal and etilJ be in keeping with the intent of this invention. 

■ 

Tl ie recovered transmit frame is then demodulated in the receiver 300 to 

» 

extract the raw non-return encoded date of the digitized samples from the pulse 
position modulated code of the transmit frame. 

The pulse position modulated code of ttie transmit frame is reconverted 
as explained in Fig. 7 to the raw non-return encoded data of the digitized 
samples to recover the transmit frame. 

* 

The interleaved digitized eemp/es of tho analog signals end the £CC 
codes are then checked, and any of the interleaved digitized samples that have 
been corrupted during transmission are corrected. 

The ECC check and correction employs Reed-Solomon Error Correction 
methods that are well known in the art In the preferred embodiment, 8 symbols 
or bytes are correctable in each of the group of 238 most significant bytes 810 
and 820 of Fig. 8 plus one command and control byta. The method to 
accomplish the ECC checking and correcting yegin3 with calculating the 
syndromes indicating any errors in me groups of most significant bytes 810 and 
820. For those groups of most significant bytes 820 and 820 with oiror, 
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Beriekamp's iterative algorithm is invoked to find the error locator polynomial. 
Tha Chien search method Is then used to locate the roots of the error locator 

< 

polynomial and the Fomoy algorithm is usod to compute tha error magnitudes to 
reconstruct the correct data If there are more errors than are correctable by the 
Reed-Solomon Error Correction Method, in the case of the preferred 

> 

embodiment 8 bytes, those non-ooirectabfe groups of the most significant bytes 
810 and 820 are identified for further processing to conceal those errors. 

The digitized samples of analog signals that are identified as having 
uncorrectable errors and thoir adjacent correct digitized samples aro then 
combined to interpolate an estimate of the magnitude of tho sample of the 
analog signal. It is well known that generally adjacent samples do not vary 
greatly in magnitude and that interpolating between adjacent samples will 
conceal any non-recoverable errors. In audio applications, the perception of the 
soundwiJI not be affected, even though there may be some high frequency 
distortion. 

If any frames of tho digitized samplos of the analog signals have 
uncorrectable and norvconcealable errors, or if frames of the received 
modulated carrier signal aro declared invalid* those frames are soft muted to 
prevent any "clicks" from unrecoverable errors. The soft muting employs a 
Manning window to weight the frames of tha digitized samples of analog signals 
adjacent to those frames that have uncorrectable errors and rKMi-conceaiabie 
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errors or that are invalid to weight the amplitude of the adjacent frames to slowly 
decrease the amplitude of the analog signal to a null value. 

* 

Further, muting Is achieved by programming a delay to null subsequent 
digittzed samples of the analog signals. The extended nulling of the subsequent 
digitized samples of the analog signals avoid repetitive interference from such 
sources as infrared remote controls for television, video tape recorders, and 
audio systems. The infrared remote controls send a burst of data that can last 
from 0.2 -1.0 seconds. 

Each frame of the digitized samples of the analog signal must maintain a 
constant number of digitized samples. F.von with the method of oversampJing as 
described above, the differences between the clock of the transmitter 395 and 
the receiver 300 causes there to be an ''ova-run" (more digitized samples 
received in a frame) or Oindemm" (fewer digitized samples received in a frame) 
of the digitized samples received in a transmit frame. An overrun causes more 
digitised samples to be in a transmit frame white an urwlerrun causes fewer 
dtgrtued samples to be received in a transmit frame. The receiver tracks the 
Jitter or misalignment between the frequency of the carrier signal and the 
frequency of the transmit frame to detect any of the frames of the digitized 
samples having either an overrun or undeirun. When an overrun or underrun 
occurs, the receiver 300 interpolates or decimates the frame of digitized samples 
to insure the constant number of digitized samples in a frame. 
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The frames of the digitizod samples of the analog signals are transferred 
390 to an external circuitry for furthor processing or are formatted to the 
appropriate order to be transferred to the digHaJ-to-analog converters 370 end 
375. Those digitized samples of the analog signal 3/0 of the /eft channel L are 
transferred to the digltaMo^anaiog converter 370 that In turn reproduces the 
analog signal 350 for the left channel L Those digitized sample* of the right 
channel R are transferred to the oSgitaRo-enatog converter 375 that in turn 
reproduces the anatog signal 385 for the right channel ft 

Refer now to Fig. 4 for a discussion of the transmitter system 395 of this 
invention. The analog source 305, as described above, provides the left 
channel L and right channel R analog signals. Tho anaJog-to-digitai converters 
315 and 320 respectively sample the left channel L and rigist channel R analog 
signals and generate the digitized sample of the analog signals. Additionally, as 
described above, the digital source 310 provides digitized samples of the analog 
signal. 

The digitized samples of the analog signals from the digital source 310 
are transferred to the digital receiver 400. The digital receiver 400 acquires the 
digitized samples at the sampfing rate at which they are retained within the 
digital source (e.g. 44. 1 kHz for CO and MP3, 48 kHz for DAT and DVD, and 32 
kHz for DSR). The digitized samples of the anatog signals are transferred to the 
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i 

variable sampling rate (VSR) converter 405. Tho VSR converter 406 modifies 
the digitized samples of the analog signals lo digitized samples of the analog 
signals sampled at a focad rate, fn the preferred errfcodtrnent, the fixed rale is 48 
kHz. Thus, the digitized sampres for CD are modffied from a sampling rate of 

44.1 kHz. to that of 48 khU. An alternate embodiment employs a fixed rate of • 
44.1kHz. 

A method to accomplish this is to send the digitized samples of the analog 
signals to a digitaWo-analoo; converter to reproduce the original analog signal. 
The reproduced analog signal is then an input to an anafog-to-digikal converter 
that samples the reproduced analog signal at the fixed rate or 48 kHz for the 
preferred embodiment, tn ti *e alternate anbodiment, the fixed rate may be 
another frequency such as 44. 1 kHz. 

The digitized samples of the analog signal are then transfer red from (he 
analog-to-digUa* converters 315 and 320 or the variable sampling rate converter \ 
through the transmit data buffer controller 41 0 to the transmit data buffer 415. 

» 

The transmit data buffer controller 410 controls the access to and fl >e 
retrieving from the transmit data buffer 416 of the digitized samples of tho analog 
signals. The transmit data buffer 415 is a random access rnemory (RAM), in the 
preferred ernbodimerit, the transmit data buffer 418 is a static RAW. However, 
other memory structures such as dynamic RAM (DRAM) or synchronous DRAM 
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can be used for the transmit data butter 41$ and stilt be in keeping with the 
intent of this invention. 

Refer now to Fig. 8 to discuss the structure of the transmit data buffer 41 5 
and the assignments of the component bytes of the digitized samples of ihe 
ana tog signals. The transmit data buffer 415 is segmented into groups of buffer 
blocks, In the preferred embodiment, mere ere throe buffer bfocks, buffer 1 860, 
buffer 2 670. and buffer 3 880. The digitized samples of the analog signals 
placed in each buffer, as described above, with 238 feast significant bytes of the 
even designated digitized samples 310 of the analog signals occupy the first 
address sagroent 802 of the first buffer block 850. T5>e 238 most significant 
bytes of the even designated digitized samples 81 the command and control 
byte 830, and the ECC code 840 occupy the second address segment 854 of the 
first buffer block 850. The 238 (east significant bytes of the odd designated 
digitized samples 820 occupy the third address segment 836 of tho first buffer 
block 860. The most significant bytes of the odd designated digitized samples 
825 occupy the fourth address segment 858 of the first buffer block 8S0\ This 
structure enables the interleaving of the digitized samples to afiow ihe correction 
and concealment of errors during transmission. 

Additional frames of the digitized sampfas are likewise retained in the 

♦ 

buff or block 2 870 and buffer block 3 600 in the eame organization as described 
for buffer block 1 85a This allows operations (receiving from the external 
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sources 305 and 310, ECC encoding, and trarismittrng) to be accomplished in 
parallel. 

■ 

* 

liach of the groups of most significant bytes 81$ and 820 and the 
command and control bytes 630 and 840 are read from tho transmit data buffer 
41* transferred through the transmit data buffer controller to the Reed-Solomon 
Error Correction Encoder 420- The ECC encoder 415 generates the symbol 
code work wfth a Galois Field QF (2% Each symbol is a byte, as above 
described, and the code allows 8 bytes to be corroded 

The ECC codes 840 and 845 are each appended respectively to the most 
significant bytes 815 and 8X5 of the even and me odd designated digitized 
samples 800 and 806 in the second address segment 854 and the fourth 
address segment 058. 

The interleaved digitized samples are retrieved from each buffer block 
850, S7Q> end 890 of the transmit data buffer 415 irrih/iduatfy transferred to 
through the transmit data buffer controller 410 to the frame formatter 425- Tne 
frame formatter appends the timing preambles 820 and 030 and the start flag 
signals 825 and ©3$ of Fig. 6 to assemble the submames of each transirwt frame 
605 of the interleaved group of digitized samples of the analog signals. 

• 4 ■ 



Si 

. ♦ 
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Fig. 9 shows the access and retrieval pattern of the transmit data buffer 
415 of Fig. 4 over time. The first group of digitized samples from the anatog4o~ 
cftgital converter SOS or the digital source 310 are stored in the first Suffer block 
850 at the first time segment 900. The second group of digitized samples from 
the enetogHo-digrtal converter 305 or the digital source 310 are stored in the 
second buffer block 670 during the second time segment 906. During the 
second timo segment 905, the ECC encoder 420 accesses the first buffer btock 
050, generates the ECC codes 840 and 845< and stores the ECC codes 840 and 
845 in the first buffer btock 850. In the third time segment 910, a third group of 
digitized samples is stored in the third buffer block 830, the ECC codes are 
generated and stored in the second buffer btock a70, end the first group of 
digitized samples with the append&d BOO codes are transferred to the frame 
formatter 425 and on for transmission. During the fourth time segment 91 5, a 
fourth group of digitized samples ere pieced in the first buffer block 350, the 
group of digitized samples in the second buffer block 870 are sent on for 
transmission, and the ECC codes for the group of digitized samples in the third 
buffer bfock 890 are generated and stored back to the third buffer block 090. 

This pattern or storing and accessing the transmit data buffer 41 5 
continues for all following segments 920, 925 end forces simultaneous access 
end storing to the buffer blocks 850, 870 and 890. The transmit data buffer 
controller 410 must appropnatefy arbitrate the accesses and storing to ensure 
there are no conflicts. 
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From the frame foi matter 425, the formatted transmit frame is transferred 
to trio pulse position modulator 430. The pulse position modulator 430 opcodes 
each pair of hits of the transmit frame as described above in Fig, 7. in the 
preferred embodiment, the frequency of the carrier signal modulated by the 
transmit frame is at least 2.0 MHz. 

* 

As described above, the period of time of the audio analog signal 
represented by the transmit frame is 2.479 milliseconds and with the can ier 
signal being 2 MHz, each transmit frame has a duration of 1 .972 milliseconds. 
As described above, the burst transmitter 438 is activated to transmit the 
modulated carrier signal In too preferre d embodiment of this invention, the 
burst transmitter 435 is a switching circuit that activates and deactivates a light 
emitting diode 445 to send light to the atmosphere which acts as the 
communicat'on medium 346. 

As stated above* the communication inedium 345 may be wired or 
wireless. The wired communication medium may he fiber optic cable, coaxial 
cable, or a two wire twisted pair cable. The burst transmitter 435 may transmit 
either light or RF signals into the wired or wireless communication medium 345. 

r 

The dock circuit 440 provides the necessary Hitting signals to the analog- 
ic-digital converters 31 6 and 320 to ensure the fixed rale of 48 kHz (or the 

$1 
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aJtemato fixed rate of 44.1kHz). The clock circuit 440 provides the necessary 
timing signals to convert those* digitized samples of the analog signal token at 
rates other than the fixed rate to he converted to the digitized samples of the 
ana tog signal sampled at the fixed rata. 

The dock circuit 440 generates the 2 MHz carrier signal and transfer* u to 
the pulse position modulator 340 to create the modulated carrier signal that is 
the input to the burst transmitter 435. 

The clock circuit 440 is fixed frequency timing ozonation circuit that 
el/mmates the need for a phase locked loop oscillator at either the transmitter 
306 or the receiver 300 of Fig, A. 

Refer now to Fig. 5 for a description of the receiving system 300 of this 
invention. The modulated carrier signal is transferred onto the communication 
medium 345 to a receiver 505 that recovers the modulated carrier signal. In the 
preferred embodiment, the light transferred through the atmosphere impacts 
upon a Hg/it sensitive diode 300. Changes in the tight sensitive diode 500 are 
sensed and amplified in the receiver $05 to recover the modulated carrier signal. 
The receiver SOS locks on to tho modulated carrier signal end completes the 
recovery by the aversarnplfng of the modulated carrier signal to capture the 
gioups of the digitized samples of the analog signals as above-described in Fig, 
11* The demodulator $10 converts the pulse position modulated digitized 

60 
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samples to the raw non-return to zero encoded data of the digitized sample© as 
above-described In Fig. 7. 

Tho demodulated digitized samples now nave the frame format of the 
interleaved digitized samples of fig. 8 and are transferred from the demodulator 
570 through tho receive data buffer controller 615 to thfr receive data buffer $20. 

Tho receive data buffer £20 is structured as the transmit data buffor 415 
of Fig. 4. The receive data buffer 520 is a random access memory, which, in the 
preferred embodiment of this invention, & a static RAM However, other memory 
structures such es DRAM or synchronous DRAM can be used as the receive 
data buffer 520 and still be In keeping with the Intent of this invention. 

rne structure of the receive data buffer 520 is Identical to that of the 
transmit data buffer 41* as described in Fig, 8. Tho receive data buffer 520 has 
the groups of buffer blocks 850, 870, end 690. Each of the buffer blocks 950, 

i 

870, or 800 has address segments 552, 554. 565, arid 858 to retain the frame of 
tho interleaved digitized samples of the analog signal. 

The most significant bytes of the even designated samples of the analog 
signal 81S and the most significant bytes of the odd designated samples of the 
analog signal 825 with the respective appended ECC codes 540 and 845 em 
retrieved by the receive data buffer controller 515 from the receive data buffer 

0 
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520 aid transferred to trie Reed-Solomon «iEC decoder 625. The Reed- 
Solomon EEC decoder §25 checks and corrects tha most significant bytes of trio 
even and odd designated digitized samples 61 S and 625 using the Reed- 
Solomon ECC method as described above. Pre corrected most significant bytes 
of the even and odd designated digitized samples 815 and 325 are stored 
through the receive data buffer controller 516 to tixe receive data buffer 620. 
Those of the even and odd most significant bytes of the digitized samples having 
uncorrectable errors (more than 6 bytes in error as described above) are 
identified for further processing to conceal the effect of the errors on the 
reproduced analog signal. 

Those of the digitized samples identified as having uncorrtK^abla errors 
are retrieved with thsir adjacent correct digitized samples of the analog signals 
from the receive data buffer 520 and transferred through the receive data buffer 
controUer 515 to the block recovery circuit 530. The btock recovery circuit 530 
interpolates an estimate of the uncorrectable digitized sample from the adjacent 
digitized samples of the analog signal to conceal the uncorrectable error in the 
digitized sample. The preferred embodiment employees a linear interpolation 
between adjacent digjtu^d samples to insure an ease of hardware 
implementation, it is en keeping with the invention to use more complex 
interpolation methods. 
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i 

Tha interpolated estimate of a correct magnitude of trie uncorrectable 
digitized sample is transferred from the block recovery circuit 630 through the 
receive data buffer controller 515 to be stored in trie location of the 
uncorrectable digitized samples with the reoeivo date buffer 620. 

Any of the digitized samples that have errors that are neither correcteble 
nor conceatabte are Identified for soft muting. 

Those buffer blocks segments containing fn valid frames or uncorrectable 
and non-concealable digitized samples are transferred to the soft muting circuit 
BZS with a number of adjacent frames of the digitized samples of the analog 
signal. The soft muting circuit 635 applies a Harming window to the frames of 
the digitized samples to weight the frames adjacent to the invalid frames or 
frames with uncorrectable and non-eonceaiebfe errors to eliminate any "eifekarg" 
noise as described above. 

The jitter tracking circuit 645 compares a block transmission timing signal 
with sampling timing of the receiver 505 to identify any misalignment between 
the block transmission timing signal and the sampling timing of the receiver 505 
that indicates the above-described overrun or underrun of the digitized samples 
with a frame. The block transmission timing indicates a boundary between 
groups of adjacent frames of the digitized samples of the analog signal. The 
synchronization circuit 540 provides any adjustment of the sampling timing within 

i3 
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tho receiver 605 if necessary. The synchronization circuit 605 further retrieves a 
frame of tho digitized samples and interpolate* or decimates any underrun or 
overrun of digitized samples with the frame to provide the correct number of 
digitized samples of the anajog signal within the frame. 

Each frame of the digitized samples of the analog signal is then 
transferred from the receive data buffer 520 through the receive data buffer 
controller 515 to tho data out interface 550. In the preferred embodiment, the 
data out interface is the l a $ interface that is known in the art for digital audio 
transmission. The data out Interface 550 transfers the digitized samples of the 
analog signals to tho digital-to-analog converters 370 and 375. The digitaMo- 
analog converters 370 and 375 reproduce the analog signal out 390 for the left 
channel L and the analog signal out 385 for the right channel R. The data out 
interface also provides the frame of digitized samples in a digital format 300 for 
further processing by external circuitry. 

One implementation of the preferred embodiment of the receiving system 
300 is as a portable remote system for headphones to reproduce audio signals. 
In this application, tho receiving system must be disabled when not in use. The 
power management circuit 565 will sense when no frames of digitized samples of 
the analog signal are received for a relatively long period. The power 
management circuit 565 then removes the power supply voltage source from the 



9 



PACE 1 12/135 • RCVD AT 8/23/2005 5:49:1 0 AM [Eastern Daylight Time] • SVR:USPTO-EFXRF-6/24 • ONIS:2738300 * CSIO:8064986673 * DURATION <mm-ss):96-46 



rrom: auo4y8DOf3 10: vuzionz imzvv rage: ua/iao uate: zuuo/B/za uo:44:ud 

<94) )01-1 77507 (P2001-177507A) 

* 

receiving system. When this happens, the soft muting circuit 635 is engaged to 
prsvent noise during the disabling of the power supply voltage source. 

v 

♦ 

Tf *e receiving clocking circuit 560 provfctes the oversampiing timing signal 
to the receiver SOS to recover the modulated carrier signal and to lock tire 
receiving system 300 to ensure live recovery of the modulated carrier signal As 
described prior, the receiving clock circuit 560 to nominally ido/tfical to the clock 
of the transmitting system 440 of f ig. 4. Any difference In th& receiving clock 
circuit 5 SO and the transmitting clock circuit 440 are the tolerance and phase 
differences of the two circuits and is tracked and corrected in the jitter tracking 
circuit 545 and the synchronization circuit 540. 

The command and control byte $30 and 940 of Fig. 8 contains command 
and control data that is accessible in the receive buffer 520 of rig. 5. Tha 
command and control circuit 565 has an external connection (not show) to an 
interface to external circuitry. The command and control circuit accesses the 
command and control circuit bytes in the receive buffer, then decodes the 
command and control byte and transfers appropriate command and control 
signals to the external circuitry. In the preferred embodiment the external 
connection is a serial Interface to provide volume control to a remote speaker or 
for text transmission to a panel display. 
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As is known by one skilled in the art, many of the fcmctions of the 
transmitting system 395 of Fig. A and tno receiving system 300 of Rg. 5 could be 
incorporated as methods executed within a computer system such as a 
microprocessor, a digital signal processor, or a microcontroller. Refer now to 
Figs. 11 and 12 for a review of the method tor transmitting digitized samples of 
an analog signal, receiving tite digitized samples of the analog signal and 
reproducing the analog signal. 

The method of transmitting begins receiving 1 100 of tha digitized samples 
of the analog sigj^ai. The digitized samples have the format as described for the 
international standards that define the S/PI3IF format Those cfigitized samples 
that are collected at a sampling rate other than the fixed rate of this invention 
must bo converted 11 1 5 to digitized samples collected at the fixed Tata In the 
preferred embodiment the fixed rate is 4BkHz and in the alternate embodiment 
tho fixed rate is 44.1kHz. 

Alternative to receiving 1100 the digitized samples from a digital source 
such as a CD, MP3, DAT, DVD, etc. is receiving 1110 the analog signal and 
performing an analog-to-digrtaJ conversion 1120 at the food rate to generate the 
digitized samples of the analog signal. Tha analog signal may have multiple 
channels. For instance, the analog signal of stereo audio has a left channel and 
a right channel. Each channel is separately converted 1120 from anaJog-to- 
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digital to form a left channel set of digitized samples and a right channel sot of 
cfigitteed samples. 

The digitized samples of the analog signal are stored 1125 in a totter and 
organized Into the interleaved structure of Fig. 8. As described in Fig. 8. the- ! 
least significant bytes of the even designated digitized samptes are placed in a 
first segment of the buffer. The least signifies* A bytes of the left channel set of 
digitized samples ere alternated with the right channel sot of digitized samples 
wfthfn the first segment The most significant bytes of the alternated teft channel 
and right channel set of even designated digitized samples are placed in the 
second segment of the buffer. The least significant bytes of the alternated left 
channel and right channel set of me odd designated digitized samples are 
placed in a third segment of the buffer. The most significant bytes of the 
aJtematod left channel and right channel or tho odd designated digitized samples 
are placed in a fourth segment of the Iniffer. This structure interleaves the 
digitized samptes such that adjacent samples ar« separated to reduce tho 
probability of an error condition totally disrupting groups of digitized sampJes and 
the errors that occur can be corrected or concealed. To allow parallel 
processing of the digitized samples, the buffer has multiple segments to retain 
multiple frames of the interleaved groups of digitized samples. 

An error correction code is generated 1 1 30 for the group of digitized 
samples and appended to the groups of digitized samptes within the buffer. In 

*1 
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the preferred embodiment of this invention, tho ECC coda is generated 1 130 for 
the second segment of tho buffer or the most significant bytes of the even 
designated samples and for the fourth segment of the buffer or the most 
significant bytes of the odd designated samples. 

The £CC generation 1130 employs a Reed-Sotor won mothod on a 
codeword of 255 bytes have a GaJois Field GF (2 a ) where 238 of the most 
significant bytes of the digitized samples and one command and control byte are 
the data to be protected The ECC code is 16 bytes and provides correction up 
to 8 bytes within the code word. 

Each frame of the groups of interleaved digitized samples aro formatted 
11 Z$ to form the transmit frame. The transmit frame is structured as shown in 
Fig. 6. As described in Fig. 6, a first timing preamble and a first start flag signal 
are appended before the even designated digitized samples to form a first 
subframe. A second timing preamble and a second start flag signal are 
appended before the odd designated digitized samples to form a second 
subframe and to complete a frame. 

The transmit frame then pufsa position modulates 1145 a carrier signal. 
The pulse position modulation 1145 converts the raw non-return to zero 

m 

ancodirtg of the digitized samples to the pulse position coding as shown in Fig. 
7. in the preferred embodiment, the carder signal has a frequency of at least 2 

* 
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MHz. The positioning of the pulse is determined by the value of pairs of bits of 
the transmit frame. 

The modulated carrier signal then activates a driver circuit to transmit 
1150 tho modulated carrier signal on a communication medium. As described 
above, the communication medium may be wired or wireless, transmitting either 
light or RF energy. The wired communication matfium may be fiber optic cable, 
coaxial cable, or common two wire twisted pair cable. 

The burst transmitter 1 150 is transmitting the entire modulated carrier 

signal for a relatively short period when compared with the period of the analog 

signal included in the frame of the digitized samples. In the preferred 

embodiment, 238 samples of the left channel and the right channel are included 

in each frame. Since the samples of the left channel and tho samples of the 

right channel are created simultaneously, 119 samples of the analog signal or 
2.479 milliseconds of the analog signal are transmitted. With the frequency of 
the carrier signal being 2 MHz, each frame is transmitted in 1 .9/2 milliseconds. 
The transmission is then idle 20.5 % of tho time. This minimizes any effect of 
burst noiss in the transmission medium and improved the probability that the 
transmission is received 1 155. If the frequency of the carrier signal increases or 
the period of the burst of the cfigitizod signals decreases, the idle time will 
increase accordingly. 
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The modulated carrier signal is received 11 35 try sensing and amplifying 
the modulated carrier signal In the preferred embodiment, tlie modulated 
carrier signal is transmitted 1150 as infrared light created by activating and 
deactivating a light emitting diode to radiate the infrared light to the atmosphere. 
A light sensitive diode receives 1166 the infrared light, converts the infrared 
light to electrics! impulses that are sensed and amplified The received 
modulated carrier signal is recovered by oversampling the received modulated 
carrier signal to determine a position to lock onto to capture the modulated 
carrier signal. The timing proemblo is tested to find the correct lock position to 
correctly retrieve the timing preamble, the start flag signal sensed, and the frame 
of the groups of interleaved digitized samples are recovered. 

The recovered modulated groups of the interleaved digitized samples are 
demodulated 1 1 60 to recover raw non-return to 2ero encoding of the digitized 
samples. 

The frames of the digitized samples are stored 1 170 in a buffer as 
described in Fig. 8. The most significant bytes of the even designated digitized 
samples and the most significant bytes of the odd designated digitized samples 
and their respective CCC codewords have an ECC check and correction 1175 
performed to find and repair any errois to the cSgitked samples within a frame, 
rhe ECC check and correction 1176 is the known Reod-Solomon method as 
described above. 

1° 
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Any of the groups of most significant bytes of the oven designated or odd 
designated digitized samples that cannot be corrected are identified to be 
recovered 1185 by concealing the error. The groups are tested 1180 for having 
errors. If there are enors, the digitized sample* with errors and the adjacent 
digitized samples that are error-free are examined end an estimate of the 
digiti-jed sample in error is generated by linearly interpolating between the 
adjacent digitized samples that am error-free. 

The corrected or recovered digitized samples are then stored 1190 in the 
buffer in the location containing errors. Any unrecoverable errors are identified 
for soft muting. 

The frames of the digitized samples are checked 1195 for invafid data, 
unrecoverable errors 1200, and for synchronization 121* and conveyed to a 
dJgftal-to-enalog converter to reproduce 1225 the analog signal- If the frames of 
the digitized samples are invalid 1 195 or unrecoverable 1200, the invafid or 
un/ecovei able frames and adjacent correct frames of the digitized date are soft 
muted 1205. Soft muting 1205 applies a Manning window to the invalid or 
unrecoverable frames of digitized samples and to the adjacent correct frames to 
weight the adjacent correct frames to sfowty bring to null the reproduced analog 
signal. Thte eliminates an annoying effect that occurs if only the invalid or 
unrecoverable frame is muted in an audio application. 

71 
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During tho recovery 1165 and cfemodulation 1180 of the modulated 
carrior signal, the difference between tho frequency of (he evaluation point of the 
oversajnpling clock and the carrier signal is tracked to determine 
synchronization. The jitter tracking 1210 is tested 1215 to ensure there is no 
overrun or underrun of the number of samples. If there is an overrun or 
underrun, the frames of digital data are decimated or Interpolated to synchronize 
1220 the digitized samples before they are converted 1225 to reproduce the 

analog signals. The decimated or Interpolated digitized samples insure that 

there are the correct number of digitized samples in each frame- 
While this invention has been particularly shown and described with 

reference to tl>e preferred embodiments thereof, it will be understood by those 

skilled in tf ye art that various changes in form and details may be made without 

departing from the spirit and scope of the invention. 

7^ 
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4. Brief Description of Drawing 

Fig. 1 is a block diagram of a transmitting end roceMng system for 
<S igifeed samples of analog signal* of Ine prior art 

Fig. 2 i$ a tfayem of tha format of the S/PDfr-' imerfaco. 

Fig. 3 is a bloc* diagram of a transmitting and receiving system for 
tfgftizad sampf os of analog signals of this fnvorrtiaa 

Fig. 4 is a block diagram of the transmitting *y*t*m for digitized sampfea 
of analog signals of this invention. 

Ffy, 5 is a block diagram of tha rocstang system for digJCksd eamptea of 
analog signals of this fnvenUon. 

iTg. o fa a diagram of the f<m#t of a block of franco* mo dfcafeed 
«"Ptea of analog signals to ba transmit and nacefyad Ly the transmitting and 
receiving system of this invention. 

FiQ. y ia a diagram frustrating tha conversion of the nonreturn to zero 
coding to tha putso position modulation of ihis tnyanflon. 

Fig. 8 ia a d.'agram of the buffer addressing of the transmitter and receiver 
ttf fer of twsfnv^icn. 

Fi9 9,aa <im,ft 8 dia « ram <* operation of the transmitter buffer of this 
invention. 
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Fig. 10 is a timing cfiagram illustrating the over-sampling recovery of the 
received digitized sampfes of analog signate of thfc invention. 

* 

Fig. 1 1 is a flow diagram illustrating tho method of transmitting digitized 
samples of analog eignafs of this invention. 



Fig. 12 is a flow diagram of the method of receiving, recovering, 
concealing, and reproducing digitized samples of analog signals of this 
invention. 
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1 . Abstract 

A system for transmitting, receiving, recovering, and reproducing digitized 
samples of analog signals white concealing unrecoverable digitized samples of 
analog signals to maintain a level of fidelity In reproducing the analog signals. 
Tho Digitized samplos of the analog signals are burst transmitted such thai the 
probability of interference with the transmission and thus corruption of the 
digitized samples of the analog signals is minimized. The digitized samples are 
received without synchronizing a receiving clock with a transmitting clock to 
capture the digitized samples of the analog signals. The digitized samples ere 
converted from various sampling rates to digitized samples of the analog signals 
having a rate. Any large groups of digitized samples that are in error or 
corrupted in transmission ere softly muted to avoid annoying clicks. Any long 
term difference between a transmit clock and a receive clock is tracked end the 
digitized samples ere interpolated or docimated to eliminate any underrun or 
overrun of the digitized samples. 

2. Representative Drawing 

Fig. 3 



